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INTRODUCTION
This publication represents the NASA Research and Technology program for
FY 1972. It is a compilation of the "Summary" portions of each of the RTOPs
(Research and Technology Operating Plan) used for management review and
control of research currently in progress throughout NASA. The RTOP Sum-
mary is designed to facilitate communication and coordination among concerned
technical personnel in government, in industry, and in universities. We believe
also that this publication can help to expedite the technology transfer process.
Responsible technical monitors are indicated on the RTOP summaries.
Although personal exchanges of a professional nature are encouraged, your
consideration is requested in avoiding excessive contacts which might be dis-
ruptive to on-going research and development.
Any comments or suggestions you may have to help us evaluate or improve
the effectiveness of the RTOP Summary would be appreciated. These should
be forwarded to:
National Aeronautics and Space Administration
Office of Advanced Research and Technology
Resources and Institutional Management Division (RMS)
Washington, D.C. 20546
Roy P. Jackson
Associate Administrator for
Advanced Research and Technology
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RTOP NO. 110-06-08 TITLE: FLIGHT PATH DESIGN PROGRAM AND
INTERACTIVE GRAPHICS
ORGANIZATION: JET PR~PULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMM~RY
IN THE COURSE OF DESIGNING THE FLIGHT-PATH AND RELATED
PARAMETERS FJR A SPACE MISSION, THE MISSION ANALYST (MA) MUST
EVALUATE THE OJTPUT FROM THE SEQUENTIAL EXECUTION OF MANY RELATIVELY
COMPLEX PROGRA~S, CH~NGE-MISSION PARAMETERS, AND MAKE MANY TRADE-OFF
STUDIES TO DETERMINE HOW BEST TO SATISFY THE MISSION OBJECTIVES,
WHILE STILL IMPOSING THE LEAST NUMBER OF UNDESIRABLE CONSTRAINTS UPON
THE VARIOUS SYSTEMS COMPRISING THE OVERALL PROJECT. THE PROCEDURE IS
VULNERABLE TO DELAYS CAUSED BY NORMAL PROCESSING OF THE INDIVIDUAL
COMPUTER RUNS, AND MANUAL PLOTTING OF THE NEEDED DATA. THUS, IT IS
DIFFICULr FOR rHE MISSION ANALYST TO RESPOND QUICKLY TO CHANGES IN
MISSION PLANS ~ND GROUND RULES AT VARIOUS STAGES DURING THE MISSION
SELECTION AND DESIGN PERIOD. WITH THE AID OF THE "THIRD-GENERATION"
COMPUTER SYSrE~S (SUCH AS UNIVAC 1108 OR IBM 360 AND ASSOCIATED
GRAPHICS HARDW~RE), A PRELIMINARY FLIGHT PATH DESIGN PROGRAM (FPDP)
IS BEING DEVELJPED BY PULLING TOGETHER THE 'BEST' EXISTING
CHECKED-OUT PROGRAMS AS "SUBPROGRAMS" WHICH C~N NOW BE ACCESSED FROM
A MASTER CONTROL MODULE (MCM). THE MCM FORMS THE 'BRAIN' OF THE
FPDP, AND CONT~INS THE NECESSARY LOGIC TO ENABLE THE MA TO UTILIZE
THE VARIOUS SUBPROGRAMS WHILE STILL MAINTAINING rHE SIMPLEST FLOW OF
KEY PARAMETERS ACROSS THE VARIOUS INTERFACES.THE MCM ALSO 'KNOWS'
WHAT INFORM ArION TO REQUEST FROM THE MA AT EACH STEP DURING THE
INTERACTIVE MISSION DESIGN PROCESS. BY THE END OF FY'71, THE FPDP
WILL ALLOW THE MA TO PERFORM A MAJOR PORTION OF THE NECESSARY DESIGN
AND ANALYSIS OF SINGLE AND MULTI-PLANET FLYBY MISSIONS FROM A REMOTE
GRAPHICS TERMINAL RESULTING IN SIGNIFICANT DECREASES IN BOTH MAN AND
MACHINE TIME. PLANNED----
RTOP NO. 110-06-09 TITLE: ADVANCED SPACE PROPULSION CONCEPTS AND
ANALYSIS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO INVESTIGATE ADVANCED PROPULSION
CONCEPTS FOR USE IN PLANETARY AND INTERPLANETARY SPACECRAFT. STUDIES
ARE TO EVALUATE SYSTEM CHARACTERISTICS OVER A RANGE OF MISSION
PARAMETERS. PERFORMANCE DATA AND COST DATA WILL BE OBTAINED. WHERE
POSSIBLE, COMPARISONS WILL BE MADE TO OTHER METHODS OF PROPULSION.
NUCLEAR ELECTRIC POWER SYSTEMS WILL BE CONSIDERED FOR COMMONALITY
BETWEEN UNMANNED PROPULSION AND MANNED AUXILIARY POWER MISSIONS. BOTH
TITAN CLASS AND SHUTTLE LAUNCH VEHICLES WILL BE ASSUMED IN
DETERMINING MULTIMISSION PAYLOAD CAPABILITY.
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RTOP NO. 110-06-11 TITLE: IMAGING SYSTEM QUANTITATIVE EVALUATION
ORGANIZATIJN: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
DETERMINATION OF TECHNOLOGY REQUIREMENTS FOR FUTURE SPACE
IMAGING MISSIO~S SHOULD BE BASED ON QUANTITATIVE EVALUATION OF
PERFORMANCE. ELEMENTARY TECHNIQUES ADEQUATE FOR rHE LIMITED
OBJECTIVES OF "FIRST-LOOK" IMAGING MISSIONS ARE NOT ADEQUATE FOR THE
SOPHISTICATED JSE OF IMAGING SYSTEMS DEMANDED BY FUTURE MISSIONS.
THE LARGE NUMBER OF COMPLEX PARAMETERS MUST BE HANDLED BY DIGITAL
:OMPUTER SIMUL~TION. COMPUTER TECHNIQUES WILL BE USED TO DEVELOP
PERFORMANCE DArA. MERIT CRITERIA AND FUNCTIONS WILL BE DEVELOPED
TOJPTIMIZE MISSI)N DESIGN AND TO EVALUATE EXPECTED MISSION
PERFORMANCE. ~ERIT CRITERIA EVALUATION AND MAXIMIZATION WILL PROVIDE
A GUIDE TO FUTURE TECHNOLOGY REQUIREMENTS.
RTOP NO. 110-06-12 TITLE: NAVIGATION SYSTEMS STUDY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6585
TECHNICAL SUMMARY
THE BASIC RASA MISSION OF SPACE EXPLORATION REQUIRES THAT
SPACECRAFT BE MAVIGATED. NASA MUST BE ASSURED THAT THE TECHNOLOGY
ASSOCIATED WITH DEEP SPA:E NAVIGATION IS, AND WILL BE MAINTAINED ON A
TIMELY BASIS, ~DEQUATE TO PROPERLY EXPLOIT ITS PLANETARY MISSIONS.
THE QUESTION HAS BEEN RAISED AS TO THE CAPABILITY OF PRESENT
TECHNOLOGY FJR MEETING THE DELIVERY ACCURACY REQUIREMENTS FOR
MISSIONS BEYJND VIKING AND THE CURRENT BASELINE OUTER PLANETS GRAND
TOUR PROGRAM. THIS 3 MONTH LONG STUDY WILL RELATE CURRENT NAVIGATION
SYSTEM ELEMENT STATE OF THE ART AND ONGOING SRT ACTIVITIES TO THE
EXPECTED NAVIG~TION REQUIREMENTS OF THE LIKELY SET OF CANDIDATE
FUTURE MISSIJNS. THE STUDY WILL ANSWER THE FOLLOWING QUESTIONS: 1.
WHAT ARE THE CANDIDATE MISSIONS FOR THE LATE 1970'S AND 1980'S TIME
PERIOD? 2. ~H~T ARE THE NAVIGATION REQUIREMENTS AND THE CRITICAL
NAVIGATION CHALLENGES ASSOCIATED WITH THESE MISSIONS? 3. IS NASA'S
ABILITY TO CARRY OUT AND PROPERLY EXPLOIT PLANETARY NISSIONS LIKELY
TO BE COMPROMISED BY A LACK OF PROGRAMMATIC DEVELOPMENT IN THE
NAVIGATION SYSrEM AREA? 4. WHAT NEW PROGRAMS ARE NECESSARY TO
ADDRESS THE CRITICAL NEEDS AND HOW SHOULD THIS PROGRAM DEVELOPMENT BE
UNDERTAKEN? 5. HOW SHOULD THESE PROGRAMS BE TIME PHASED TO THEIR
"NEED DATES"? 5. WHAT RECOMMENDATIONS SHOULD BE MADE TO IDENTIFY NEW
CRITICAL RESEARCH AND ADVANCED DEVELOPMENT ACTIVITIES FOR THE FY '73?
BY PROVIDING THE ANSWERS BEFORE THE END OF THE FIRST QUARTER OF FY
'72, THE FINAL REPORT SHOULD BE VALUABLE IN PLANNING NAVIGATION SRT
ACTIVITIES IN PY '73. THE JPL MANAGEMENT (REPRESENTED BY THE JPL
NAVIGATION PROJECT) AND RELATED JPL EXPERTISE (WITH SUPPORT FROM
ONGOING OART, OTDA AND OSSA----
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RTOP NO. 111-05-01 TITLE: AEROSPACE SAFETY DATA BANK
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: 30LDSTEIN, C. M. TEL. 216-433-6600
TECHNICAL SUMM~RY
TO ESTABLISH AN AEROSPACE SAFETY DATA BANK TO GATHER, ANALYZE
AND DISSEMIN~TE rECHNICAL SAFETY-RELATED INFORMATION AVAILABLE TO ALL
ELEMENTS OF NASA, ITS CONTRACTORS AND THE TECHNICAL COMMUNITY; TO
ASSURE THAT INPORMATION ON THE LATEST STATE-OF-THE-ART REGARDING
SAFETY IS AVAILABLE FOR USE IN PLANNING, DESIGN, FABRICATION, TESTING
AND OPFRATIONS OF AEROSPACE VEHICLES AND SYSTEMS AND ASSOCIATED
GROUND FACILITIES. ASRDI WILL CALL ON ALL ELEMENTS OF NASA, ITS
CONTRACTORS, A~D OTHER ORGANIZATIONS TO PROVIDE BASIC o APPLIED AND
OPERATIONAL DArA RELATED TO GROUND-BASED AND FLIGHT SAFETY EXPERIENCE
FOR THE AEROSP~CE SAFETY DATA BANK. INVESTIGATION WILL BE MADE OF
SIMILAR ACTIVIrIES IN GOVERNMENT AND INDUSTRY TO ESTABLISH THE EXTENT
AND NATURE OF EXISTING COMPILATIONS OF A:CURATE DATA. LIAISON WILL
BE ESTABLISHED WITH THESE ACTIVITIES TO ASSURE ACCESS TO THE
INFORMATION CO~TAINED IN THESE SOURCES AS NEEDED, AND/OR SELECTED
INFORMATION WILL BE IDENTIFIED AND INCORPORATED INTO THE ASRDI
AEROSPACE SAFEry DAT~ BANK AS APPROPRIATE. A MANAGEMENT MECHANISM
WILL BE ESTABLISHED TO PROVIDE FOR THE FLOW OF ALL SUCH INFORMATION
INTO THE DATA BANK. THE INFORMATION WILL BE ANALYZED, VERIFIED,
CORRELATED AND QUALIFIED AS REQUIRED. THIS INFORMATION WILL BE MADE
AVAILABLE ro ALL ELEMENTS OF NASA, ITS CONTRACTORS, OTHER GOVERNMENT
AGENCIES AND T~E TECHNICAL COMMUNITY. IMPROVED METHODS OF STORING,
SEARCHING AND RETRIEVING INFORMATION WILL HAVE A WIDESPREAD
APPLICABILITY IN THE GENERAL AREA OF INFORMATION PROCESSING.
RTOP NO. 111-05-02 TITLE: AERONAUTICAL SAFETY RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: nEISS, S. TEL. 216-433-6898
TECHNICAL SUMM~RY
ASRDI WILL MAINTAIN AN OVERVIEW OF AERONAUTICAL SAFETY RESEARCH
PROGRAMS. IT WILL COMPARE CURRENT PROGRAMS WITH AIRCRAFT SAFETY
INFORMATION RE~UIREMENTS TO ESTABLISH THE NEED FOR ADDITIONAL
RESEARCH. IN ~SSOCIATION WITH THE OART, NASA CENTERS, AND THE
AIRCRAFT COMMUNITY, CONDUCT RESEARCH PROGRAMS AS REQUIRED TO SEEK
PRACTICAL SOLurIONS TO SAFETY PROBLEMS ASSOCIATED WITH AIRCRAFT AND
THEIR GROUND BASED ACTIVITIES. THESE RESEARCH PROGRAMS WILL BE
DESIGNED TO PR)VIDE NEW TECHNIQUES FOR HANDLING PRESENT SAFETY
PROBLEMS AND THOSE ANTICIPATED BY THE INTRODUCTION OF NEW AIRCRAFT
TYPES, NOVEL AIRCRAFT COMPONENTS AND UNCONVENTIONAL FUELS.
ACCORDINGLY, ASRDI IS INVOLVED IN RESEARCH ON BAROMETRIC ALTIMETRY
SYSTEMS, LUBRI:ATION SUMP FIRE MITIGATION, NON-DESTRUCTIVE EVALUATION
OF MATERIALS, AND THE ORGANIZATION OF SAFETY RELATED LITERATURE
ASSOCIATED WITH AIRCRAFT OPERATING PROBLEMS AND WITH THE MECHANICS OF
STRUCTURAL FAILURE.
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RTOP NO. 111-05-03 TITLE~ SPACE SAFETY RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: HACKER, P. T. TEL. 216-433-6898
TECHNICAL SUMM~RY
THE OBJE:TIVES ARE: (1) TO DEFINE THE REQUIREMENTS OF SPACE
VEHICLE AND FA:ILITY SYSTEMS THAT MINIMIZE RISK AND (2) TO IMPROVE
THE SAFETY OF SUPPORT FUNCTIONS IN NASA AND CONTRACTOR OPERATIONS IN
THE INDUSTRIAL AND PUBLI: AREAS. SPACE VEHICLES REPRESENT COMPACT
COMBINATIONS OP VITAL SYSTEMS IN WHICH A FAILURE IN ONE HAS A HIGH
LIKELIHOOD OP DAMAGING THE OTHER. THE NEED FOR LOW SYSTEM FAILURE
PROBABILITY AND HIGH RECOVERY RATE, SHOULD FAILURE OCCUR, IS MORE
STRINGENT THAN PRESENT ENGINEERING EXPERIENCE OFTEN PROVIDES. TO
IMPROVE THIS SITUATION, ASRDI WILL CONDUCT, OR HAVE CONDUCTED FOR IT,
ENGINEERING EV~LUATIONS OF EXISTING SAFETY RELATED INFORMATION, DRAWN
FROM THE LITERATURE AND CURRENT PROGRAMS, WHICH FOCUS ON SPACE
VEHICLE SAFETY TECHNOLOGY. GAPS IN INFORMATION WILL BE FILLED BY
RESEARCH PROGR~MS CONDUCTED IN ASSOCIATION WITH OTHER SEGMENTS OF
NASA. RESEARCH IS OFTEN REQUIRED TO PROVIDE A BASIS FOR IMPROVED
SAFETY CODES, ~RACTICES AND AUXILIARY SAFETY EQUIPMENT. ASRDI WILL
CONTRIBUTE RESEARCH AND OTHER TECHNICAL SUPPORT TO IMPROVE THE RULES
AND TECHNIQUES BY WHICH SAFETY IS ACHIEVED IN THE AEROSPACE INDUSTRY.
RTOP NO. 111-05-31 TITLE: NUCLEAR FLIGHT SAFETY RESEARCH AND
ANALYSIS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ;OODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS RTOP ARE: (1) TO CONDUCT RESEARCH THAT
WILL PERMIT ~C:URATE AND AUTHORITATIVE PREDICTIONS OF REENTRY
CONDITION S Fa R NUCLEA R SPACE POWE R SY STEM S, (2) TO COND UCT RE SEARCH
LEADING TO THE ULTIMATE DEVELOPMENT OF NUCLEAR SPACE POWER SYSTEM
INTACT REENTRY AND GROUND IMPACT VEHICLES, AND (3) TO PARTICIPATE IN
AND PROVIDE SUPPORT FOR THE JOINT DOD/AEC/NASA NUCLEAR FLIGHT SAFETY
REVIEW AND EVALUATIONS. TIME-TO-MELT AND HEATING-RATE EXPERIMENTS
WILL BE PERFORMED ON THERMALLY SCALED MODELS AT APPROPRIATE ARC JET
TEST CONDITIONS. CANDIDATE CONFIGURATIONS WILl. BE TESTED IN SHOCK
TUNNELS AND WIND TUNNELS. RESULTS WILL BE APPLICABLE TO RADIOISOTOPE
POWER SYSTEMS THAT ARE CANDIDATES FOR MANNED AND UNMANNED SPACE
OPERATIONS.
RTOP NO. 111-05-34 TITLE~ RECOVERY AIDS FOR AEROSPACE NUCLEAR
SY STEMS
ORGANIZATION: LANGLEY RESEAFCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THIS RTO~ :OVERS THE TECHNOLOGY DEVELOPMENT OF UNDERWATER SOUND
GENERATORS DETECTION DEVICES THAT WILL PERMIT ACCURATE LOCATION OF
NUCLEAR ELECTRICAL POWER SYSTEMS IN SEA WATER. THE SENSOR· DESIGN
WILL BE CAREFULLY ASSESSED TO ASSURE RELIABLE OPERATION AFTER VEHICLE
REENTRY AND FREE-FALL WATER IMPACT.
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RTOP NO. 113-26-11 TITLE: ~ERCURY ELECTRON BOMBARDMENT ION THRUSTER
R/T
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: READER, P. D. TEL. 216-433-4000
TECHNICAL SUMMARY
THE BROAD JBJECTIVE OF THE WORK DESCRIBED HEREIN IS TO PROVIDE
THE BASIC RESEARCH AND TECHNOLOGY PROGRAMS NECESSARY TO ENSURE
ORDERLY _AND MEANINGFUL ADVANCES IN ~HE STATE-OF-THE-ART OF
ELECTROSTATIC rHRUSTERS. THE OVERALL PROGRAM IS DIRECTED AT
OBTAINING A MORE THOROUGH UNDERSTANDING OF THE BASIC PHYSICAL
PROCESSES OCCURRING IN ELECTROSTATIC THRUSTERS BY CONDUCTING
PERTINENT EXPERIMENTAL AND ANALYTIC STUDIES; APPLYING THE KNOWLEDGE
GAINED TO THE DESIGN, FABRICATION AND TESTING OF NEW THRUSTER
COMPONENTS; INrEGRATION OF PROMISING NEW COMPONENTS INTO THRUSTERS
SIZED FOR WIDEST POSSIBLE APPLICATIONS AND EVALUATING THRUSTER
PERFORMANCE AND LIFE. A MAJOR PROGRAM IS DIRECTED AT PRODUCING A
FLIGHT READY CLUSTER OF MERCURY ELECTRON-BOMBARDMENT ION THRUSTERS OF
HIGH EFFICIENCY AND DURABILITY SUITABLE FOR MISSION APPLICATION. A
SPECIFIC GOAL IS TO PROVIDE A QUALIFIED THRUSTER FOR SYNCHRONOUS
SATELLITE RAISING MISSIONS AND 1.0 TO 3 A.U. INTERPLANETARY MISSIONS.
PERTINENT INFJRMATION FROM EXPERIMENTAL AND ANALYTICAL STUDIES AND
DEMONSTRATED CJMPONENTS WILL BE INTEGRATED INTO A SPECIFIC THRUSTER
SYSTEM DESIGN. THIS DESIGN WILL COVER THE WIDEST POSSIBLE RANGE OF
CURRENTLY FORESEEN MISSION TYPES. STUDIES AND INVESTIGATIONS INTO
THRUSTER SYSTE! INTERACTION AND INTEGRATION PROBLEMS WILL BE
CONDUCTED TO THE EXTENT NECESSARY TO CLEARLY DEFINE INTERFACE PROBLEM
AREAS.
RTOP NO. 113-26-12 TITLE: ADVANCED ELECTRIC THRUSTER RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SEIKEL, G. R. TEL. 216-433-4000
TECHNICAL SUMMARY
TO STUDY ADVANCED ELECTRIC THRUSTERS THAT SHOW PROMISE FOR SPACE
_MISSIONS. INVESTIGATIONS ARE AIMED AT UNDERSTANDING THE PHYSICS OF
THE PROCESSES IN THE THRUSTERS, ACHIEVING EFFICIENT PERFORMANCE, AND
DELINEATING MEANS FOR OBTAINING LONG LIFE, LIGHTWEIGHT, AND RELIABLE
THRUSTER SYSTE!S. ANALYTICAL STUDIES AND EXPERIMENTAL STUDIES WHICH
INCLUDE EXTENSIVE DIAGNOSTICS AS WELL AS THRUST AND ENERGY EFFICIENCY
MEASURE~ENTS. LIFETIME AND SYSTEM COMPONENT PROBLEMS WILL ALSO BE
INVESTIGATED. ADVANCED ELECTRIC THRUSTERS FOR BOTH HIGH AND LOW
POWER WILL BE INVESTIGATED.
RTOP NO. 113-26-13 TITLE: RESISTOJET SYSTEM TECHNOLOGY FOR MANNED
SPACE STATION REACTION CONTROL
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUM~ARY
THE OBJECTIVE OF THIS PROGRAM IS TO DEVELOP THE TECHNOLOGY
REQUIRED FOR THE APPLICATION OF BIOWASTE RESISTOJETS ON THE SPACE
STATION TO PROVIDE THE IMPULSE REQUIRED FOR CONTROL MOMENT GYRO (CMG)
5
DESATURATION AND ORBIT MAINTENANCE. THESE UNITS SHALL HAVE HIGH
PERFORMANCE, LJNG lIFE AND MINIMUM POWER CONSUMPTION. A HIGH THERMAL
EFFICIENCY AMM)NIA - HYDROGEN RESISTOJET WAS DEVELOPED AS PART OF THE
MORL PROGRAM. THE BIOWASTE RESISTOJET CURRENTLY UNDER DEVELOPMENT IS
AN EVOLUTION OF THE MORl DESIGN, WITH THE INCORPORATION OF HEATER
MATERIALS COMP~TIBLE WITH THE OXIDIZING BIOWASTE GASES AT THE HIGH
TEMPERATURE RE~UIRED FOR GOOD PERFORMANCE. THE MORL AND ALTERNATE
RESISTOJET CON2EPTS ARE BEING EVALUATED FOR PROPELLANT PERFORMANCE,
LIFE, POWER CONSUMPTION AND SYSTEM SUITABILITY. A PROGRAM HAS BEEN
INITIATED TO DEVELOP THE PROPELLANT COLLECTION AND MANAGEMENT SYSTEM
REQUIRED TO INrERFACE THE RESISTOJET WITH THE LIFE SUPPORT SYSTEM.
STUDIES CONDUCTED BY THE PRIME SPACE STATION CONTRACTORS HAVE
PROVIDED INFJR~ATION REGARDING THRUSTER DUTY CYCLES, THRUST LEVELS,
PROPELLANT AVAILABILITY, ETC. THIS INFORMATION WILL BE USED IN
FUTURE THRUSTER EVALUATION PROGRAMS AND IN THE DEVELOPMENT OF A
PROTOTYPE PROPELLANT COLLECTION AND SUPPLY SYSTEM. THE COMBINED
THRUSTER AND PROPELLANT COLLECTION SYSTEM WILL THEN BE TESTED AT LRC
TO REVEAL SYSTEM OPERATIONAL CHARACTERISTICS, RESISTOJET-LIFE SUPPORT
SYSTEM INTERFACE PROBLEMS AND TO DEMONSTRATE THE TOTAL SYSTEMS
CAPABILITY TO PR3VIDE THE IMPULSE REQUIRED ON A DUTY CYCLE DICTATED
BY CMG AND ORBIT MAINTENANCE REQUIREMENTS.
RTOP NO. 113-26-14 TITLE: ADVANCED PLASMA THRUSTER RESEARCH
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMM~RY
THERE ARE PRESENTLY TWO TYPES OF PLASMA THRUSTERS BEING FUNDED
THROUGH LANGLEY RESEARCH CENTER, A REPETITIVELY PULSED QUASI-STEADY
THRUSTER (I.E., MILLISEC. CURRENT PULSE) AND SHORT PULSED TEFLON-FEED
THRUSTER (I.E., MICROSEC. CURRENT PULSES) SIMILAR TO THE PLASMA
THRUSTER BEING UTILIZED ON THE LES-6 COMMUNICATION SATELLITE. THE
QUASI-STEADY THRUSTER IS BEING STUDIED FOR POSSIBLE APPLICATION POR
PRIMARY PROPULSIJN, WHILE THE SHORT-PULSED ENGINE IS BEING DEVELOPED
FOR NORTH-SOUTH STATIONKEEPING ON SATELLITES IN THE 1000 TO 2000 LB.
RANGE. RECENT RESEARCH ON THE SHORT-PULSED ENGINH HAS RESULTED IN A
SUBSTANTIAL IMPROVEMENT IN PERFORMANCE, AND SHOWS GREAT PROMISE FOR
NORTH-SOUTH STATIONKEEPING OF EARTH ORIENTED SATELLITES. THIS HAS
BEEN ACCOMPLISHED THROUGH MODIFICATION OF THE PROPELLANT FEED SYSTEM
AND AN INCREASE IN THE DISCHARGE ENERGY. RESEARCH ON THE
SHORT-PULSED ENGINE WILL BE CONTINUED WITH EMPHASIS PLACED ON
INVESTIGATING rHESE EFFECTS AS WELL AS DESIGNING AND LIFE TESTING
HARDWARE. RECENT RESEARCH ON THE QUASI-STEADY THRUSTER HAS LED TO A
DETERMINATION JF THEIR PERFORMANCE AS A FUNCTION OF A NUMBER OF
CRITICAL PARAMETERS WHICH IF EXCEEDED RESULTS IN EXCESS EROSION FROM
ELECTRODES AND INSULATORS. FOR THE POWER LEVELS STUDIED TO DATE, THE
PERFORMANCE HAS NOT BEEN HIGH ENOUGH TO MEET THE REQUIREMENTS OF A
PRIME PROPULSI3N SYSTEM, ALTHOUGH IT IS WITHIN THE RANGE NECESSARY
FOR NORTH-SOUTH STATIONKEEPING. THE PERFORMANCE DATA THAT HAVE BEEN
OBTAINED CONrINUES TO INDICATE INCREASING PERFORMANCE WITH INCREASING
INSTANTANEOUS POWER. RESEARCH ON THE QUASI-STEADY THRUSTER WILL BE
CONTINUED WITH EMPHASIS PLACED ON OPERATION AT HIGH PULSEDPOWERS AND
CONTINUED INVESTIGATION----
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RTOP NO~ 113~26-16 TITLE: ELECTRIC PROPULSION SYSTEMS TECHNOLOGY
FOR UNMANNED PLANETARY/INTERPLANETARY
SPACECRAFT
ORGANIZATION: JET PROPULSION LABORATORY _
MONITOR: BRIGLIO~ A., JR. TEL. 213-354-6137
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PREPARE THE TECHNOLOGY OF SOLAR-POWERED
ELECTRIC PROPULSION FOR UNMANNED MISSIONS. IT IS BROKEN INTO TWO
MAJOR AREAS~ ~AVIGATION AND MISSION ANALYSIS, AND PROPULSION SYSTEM
TECHNOLOGY DEVELOPMENT. THE OBJECTIVE OF THE ELECTRIC PROPULSION
NAVIGATION AND MISSION ANALYSIS EFFORT IS TO DETERMINE THE NAVIGATION
REQUIREMENTS Q ~ISSION REQUIREMENTS AND CHARACTERISTICS v AND
SPACECRAFT AND SUBSYSTEM PERFORMANCE REQUIREMENTS THAT ARE PECULIAR
TO PRIMARY ELECTRIC PROPULSION AND TO DEVELOP THE CAPABILITY FOR
IDENTIFYING, ANALYZING AND CONDUCTING MEANINGFUL ELECTRIC PROPULSION
MISSIONSG STAfE ESTIMATION TECHNIQUES AND GUIDANCE/CONTROL
TECHNIQUES ARE BEING DEVELOPED AND APPLIED TO PARTICULAR MISSIONS.
MISSION ~ND TRAJECTORY STUDIES ARE CONDUCTED TO IDENTIFY AND EVALUATE
FEASIBLE MODES OF OPERATION CONSIDERING ACTUAL SPACECRAFT
LIMITATIONS. rHF. PROPULSION SYSTEM TECHNOLOGY DEVELOPMENT EFFORT
WILL EMPHASIZE THE ESTABLISHMENT OF A FIRM TECHNOLOGY BASE AND THE
GENERAL UPGRADING OF THAT BASE TECHNOLOGY TO APPROACH FLIGHT
REQUIREMENTS~ THE BREADBOARD THRUST SUBSYSTEM DEVELOPED OVER THE
PAST FOUR YEARS WILL BE UTILIZED AS A TEST BED TO EVALUATE SUBSYSTEM
ELEMENT AND SYSTEM MODIFICATIONS FOUND DESIRABLE AS A RESULT OF
CURRENT SEPST (SOLAR ELECTRIC PROPULSION SYSTEM TECHNOLOGY) III
SYSTEM TESTING OR FROM MORE DETAILED SPACECRAFT AND MISSION STUDIES
CONDUCTED AS P~RT OF THE SOLAR ELECTRIC MULTI-MISSION SPACECRAFT
(SEMMS) EFFORT. ON THE ELEMENT LEVEL u PROPELLANT TANKS WILL BE
SUBJECTED TO ENVIRONMENTAL TEST TO DETERMINE THE EFFECTS OF
PROPELLANT OFF-LOADING ON TANK STRUCTURAL REQUIREMENTS AND ADVANCED
TECHNOLOGY POWERCONDITIONING UNITS WILL BE INTEGRATED----
RTOP NO. 113-26-17 TITLE: AUXILIARY PROPULSION SYSTEMS TECHNOLOGY
FOR UNMANNED SPACECRAFT
ORGANIZATION: ;ODDARD SPACE FLIGHT CENTER
MONITOR: :A1LENS u R. A. TEL. 301-982-4205
TECHNICAL SUMM~RY
UNMANNED METEOROLOGICAL F COMMUNICATION AND EARTH OBSERVATION
SPACECRAFT REQaIRE v NOT ONLY LONG-LIVED u LIGHT-WEIGHT AUXILIARY
PROPULSION SYSrEMS, BUT ALSO ONES CAPABLE OF PROVIDING NORTH-SOUTH
STATION KEEPING, PRECESSION CONTROL g EAST-WEST STATION KEEPING OR
VERY PRECISE ATTITUDE CONTROL. THE OBJECTIVE OF THIS TASK IS TO
IDENTIFY AND DEVELOP THE AUXILIARY PROPULSION SYSTEMS NEEDED FOR
THESE SOPHISTI:ATED SPACECRAFT. WHEN FEASIBLE g THE THRUSTER SYSTEMS
WILL BE EVALUArED IN EITHER GSFC'S ELECTRIC PROPULSION LABORATORY OR
THE HYDRAZINE rEST FACILITY~ ADDITIONALLY, SPACE FLIGHT TESTS OF
CANDIDATE SYSTEMS WILL BE CONDUCTED TO FURTHER DEMONSTRATE THEIR
CAPABILITY FOR SPACE FLIGHT APPLICATION.
7
RTOP NO. 113-26-21 TITLE: PULSED PLASMA ATTITUDE CONTROL SYSTEM
TECHNOLOGY FOR PLANETARY MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BRIGLIO, A., JR. TEL. 213-354-6137
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS PROGRAM ARE: (Al TO COMPLETE THE
FEASIBILITY ~SSESSMENT OF AN IMPROVED PERFORMANCE REACTION CONTROL
SYSTEM FOR LON; DURATION PLANETARY MISSIONS (Bl TO DEVELOP ADVANCED
TESTING FACILIrIES FOR MICROTHRUSTER PERFORMANCE EVALUATION IN THE
MICRONEWTON TO MILLINEWTON RANGE (C) TO SUPPORT OTHER NASA CENTER
(GSFC, LARC) PITLSED PLASMA THRUSTER DEVELOPMENT AND APPLICATIONS.
THIS PROGRAM WILL EXTEND WORK CONDUCTED JOINTLY WITH THE GODDARD
SPACE FLIGHT CENTER UNDER FY'71 NASA RTOP 120-26-17 TOGETHER WITH JPL
RTOP 120-26-21.
RTOP NO. 113- 31- 01 TITLE: ZE RO GRAVITY PROPELLANT TRAN SFER
TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: OTTO, E. W. TEL. 216-433-4000
TECHNICAL SUMMARY
THIS RTOP JUTLINES A TECHNOLOGY PROGRAM THAT REVIEWS AND
AUGMENTS THE PRESENT ZERO GRAVITY FLUID BEHAVIOR AND THERMAL
PROTECTION TECHNOLOGY AND CULMINATES IN A FUNCTIONALLY AND
ENVIRONMENTALLY TESTED ENGINEERING MODEL OF A LIQUID HYDROGEN
TRANSFER FLIGHr EXPERIMENT. THE _OBJECTIVE OF THE FLIGHT EXPERIMENT
WOULD BE TO EVALUATE ONE OR MORE PROPELLENT TRANSFER SYSTEMS THUS
PROVIDING TECHNOLOGY AND DESIGN DATA FOR PREDICTABLE AND EFFICIENT
ZERO-G PROPELL~NT TRANSFER OPERATIONS IN SPACE. THE PROGRAM IS TO BE
CONDUCTED IN T~O PHASES - AN EXPERIMENT DEFINITION PHASE AND AN
EXPERIMENT DEVELOPMENT PHASE. THE EXPERIMENT DEFINITION PHASE WILL
CONSIST OF TWO PARALLEL STUDY CONTRACTS AUGMENTED BY IN-HOUSE
RESEARCH. THE TWO MAIN OBJECTIVES OF THIS PHASE _ARE (1) TO DEFINE
AND CONDUCT THOSE ITEMS OF RESEARCH THAT FILL GAPS IN DATA NECESSARY
FOR EXPERIMENT DEFINITION AND FOR DESIGN AND FABRICATION TECHNOLOGY,
AND (2) TO DEFINE THE EXPERIMENT. THE FIRST PHASE LASTS UNTIL LATE
CY 1973. THE EXPERIMENT DEVELOPMENT PHASE WILL CONSIST OF A CONTRACT
FOR THE DESIGN, FABRICATION, AND TEST OF AN ENGINEERING MODEL OF THE
FLIGHT EXPERIMENT TOGETHER WITH THE NECESSARY GROUND SUPPORT
EQUIPMENT. IT IS TO BE CONDUCTED OVER A PERIOD OF TWO AND ONE HALF
YEARS AND IS CJNCLUDED IN LATE CY 1975.
RTOP NO. 113-31-02 TITLE: SPACE SHUTTLE AUXILIARY PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: NORED, D. L. TEL. 216-433-6916
TECHNICAL SUMM~RY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE IMPROVEMENTS IN THE
TECHNOLOGY OF ENGINE COMPONENTS FOR THE AUXILIARY PROPULSION SYSTEM
OF THE SPACE SHUTTLE. THE MAJOR PORTION OF THIS WORK WILL BE DEVOTED
TO ADVANCEMENTS IN THE THRUSTER ASSEMBLY, INCLUDING THE INJECTOR,
THRUST CHAMBER, IGNITER r AND VALVES. THE OPERATING CONDITIONS FOR
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THE EXPERIMENT~L WORK ARE SELECTEDTO FIT THE PARTICULAR REQUIREMENTS
OF THE SPACE SHUTTLEo THIS INCLUDES OPERATION WITH GASEOUS
HYDROGEN/GASEOUS OXYGEN PROPELLANTS AT THRUST LEVELS IN THE RANGE
FROM 1500-2000 POUNDS, CHAMBER PRESSURES FROM 100-500 PSIA, AND
APPROPRIATE RANGES OF PROPELLANT INLET PRESSURES AND TEMPERATURESo
POINT DESIGN, NEAR-FLIGHT WEIGHT INTEGRATED THRUSTER ASSEMBLIES WILL
BE FABRICATED ~ND TESTED TO PROVIDE AN EVALUATION OF OVERALL
PERFORMANCE (BJTH PULSING AND STEADY-STATE), THRUSTER LIFE, AND
OPERATING CHAR~CTERISTICS FOR TYPICAL DUT~ CYCLES. OTHER PROGRAMS
RELATING TO THE SUPPLY AND REGULATION OF THE PROPELLANTS FED TO THE
ATTI~UDE CONTR)L ENGINES AS WELL AS MORE BASIC PROGRAMS TO EVALUATE
CRITICAL PROBLEM AREAS IN COMBUSTION, VALVES AND IGNITION DEVICES ARE
INCLUDED.
RTOP NO. ~13-31-03 TITLE: DESIGN CRITERIA FOR CHEMICAL ROCKET
PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER,
MONITOR: DOUGLASS, H. W. TEL. 216-433-6915
TECHNICAL SUMM~RY
THIS PROGRAM IS DIRECTED AT THE DEVELOPMENT AND PUBLICATION OF
UNIFIED DESIGN CRITERIA FOR CHEMICAL ROCKET PROPULSION, INCLUDING
BOTH _LIQUID AND SOLID PROPELLANTS. THE PUBLICATIONS ARE TO BE
COMPLETE AND AJTHORITATIVE DOCUMENTS FOR USE BY DESIGNERS AND PROJECT
MANAGERS _IN DESIGNING FUTURE SPACE PROPULSION SYSTEMS AND IN
IMPROVING PRESENT SYSTEMS. THE DOCUMENTS WILL BE IN THE FORM OF
DESIGN CRITERIA MONOGRAPHS RELATING TO PARTICULAR PROPULSION
COMPONENTS, SUBSYSTEMS, OR SYSTEMSo EACH MONOGRAPH WILL DISCUSS THE
RELATED STATE JF THE ART, ESTABLISH DESIGN CRITERIA, PRESENT
RECOMMENDED PRACTICES, AND REFERENCE LITERATURE USED AS THE BASIS FOR
THE CRITERIA. THE MONOGRAPHS ARE BEING WRITTEN BY CONTRACTORS
SELECTED BY THE NASA ON THE BASIS OF COMPETENCE, ACKNOWLEDGED
LEADERSHIP IN rHEIR FIELDS, AND ABILITY TO ESTABLISH AUTHORITATIVE
AND RELIABLE DESIGN CRITERIA. THE CONTRACTOR ALSO _PREPARES A
DOSSIER CONTAINING THE MATERIAL UPON WHICH THE MONOGRAPH IS BASED,
FOR RETENTION BY NASA FOR REFERENCE.
RTOP NO. 113- 31-04 TITLE: CRYOGE NIC STORAGE TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: AUKERMAN, C. A. TEL. 216-433-6538
TECHNICAL SUMMARY
THE GENERAL OBJECTIVES OF THE PROGRAMS UNDER THIS RTOP ARE TO
PROVIDE TECHNOLOGY FOR VARIOUS ASPECTS OF CRYOGENIC THERMAL
PROTECTION SYSrEMS. THE SPECIFIC AREAS COVERED BY THESE PROGRAMS ARE:
(1) SHADOW SHI EL DS FOR LIQUID HY DROGEN TANKS, (2) A LI QUID HYDROGEN
MIXING UNIT, (3) CRYOGENIC TANK SUPPORTS, AND (4) INTEGRATED THERMAL
PROTECTION SYSrEMS. IN EACH AREA, THE OBJECTIVE IS TO DEMONSTRATE
THE FEASIBILITY OF A NEW CONCEPT FOR IMPROVING THE CAPABILITY TO
STORE LIQUID HYDROGEN IN SPACE VEHICLES. FOR THE CONCEPTS INVOLVING
SHADOW SHIELDS, _THE MIXING UNIT AND TANK SUPPORTS, ANALYSIS AND
DESIGN IS FOLLJWED BY THE FABRICATION OF COMPONENTS FOR THOROUGH
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CRYOGENIC TEST AND EVALUATION. DESIGN INFORMATION AND ANALYTICAL
PROGRAMS WILL ~LSO BE DEVELOPED~ THE PROGRAM ON INTEGRATED THERMAL
PROTECTION SYSfEMS IS PRIMARILY A SYSTEM STUDY TO PRODUCE AN
INTEGRATED THERMAL/METEOROID PROTECTION DESIGN. ONLY NOMINAL SUPPORT
TESTING WILL BE CONDUCTED.
RTOP NO. 113-31-05 TITLE: SPACE STORABLE PROPULSION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: CONRAD, E~ w. TEL. 216-433-6874
TECHNICAL SUMM~RY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE COMPONENT g SUBSYSTEM
_AND SYSTEM DESIGN CRITERIA FOR PROPULSION SYSTEMS USING MODERATE
CRYOGENIC (SPA:E STORABLE) AND DEEP CRYOGENIC (HYDROGEN) PROPELLANTS
TO DEMONSTRATE THE PERFORMANCE AND TECHNOLOGY READINESS OF
PROPULSION MJDULES USING BOTH PROPELLANT TYPES FOR SIMULATED MISSIONS
OF UP TO 1200 DAYS. THE PROGRAM OBJECTIVES WILL BE MET THROUGH
DESIGN w FABRICATION AND DEMONSTRATION TESTING OF TWO RESEARCH
PROPULSION MODULES. NEAR FLIGHT WEIGHT HARDWARE WILL BE USED AND
CONSIDERATION 3IVEN TO AREAS OF SYSTEM INTERACTION 6 SPACE ENVIRONMENT
AND LAUNCH VEHICLE AND PAYLOAD CONSTRAINTS AND INTERFACES. THE
PROGRAM WILL DEVELOP AND DEMONSTRATE TECHNOLOGY IN FOUR AREAS: (1)
INVESTIGATION OF A COMPLETE FLUORINE-COMPATIBLE PROPELLANT FEED
SYSTEM (INCLUDING PRESSURIZATION) FOR BOTH STEADY STATE AND DYNAMIC
OPERATING CHARICTERISTICS; (2) DEMONSTRATION OF THERMAL PERFORMANCE
OF TWO INTEGBArED PROPULSION MODULES SUITABLE FOR DEEP SPACE
APPLICATION; (3) STUDY AND DEMONSTRATION OF AN ATTITUDE CONTROL
PROPULSION SYSrEM r WITHEMPHASIS ON PULSED OPERATION; AND (4}----
MISSION SIMULAfION OF EACH MODULE (INCLUDING PERTINENT SUBSYSTEMS)
THROUGH GROUND HOLD, LAUNCH, EARTH ORBIT, SPACE COAST AND NONFIRING
SYSTEM OPERATIaN~ IN ADDITION g A TECHNOLOGY PROGRAM, WHICH HAS BEEN
DIRECTED AT CRITICAL----
RTOP NO. 1'3~31-06 TITLE: LIQUID PROPULSION SYSTEMS TECHNOLOGY FOR
PLANETARY SPACECRAFT
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MEEKS, p~ J. TEL. 213-354-2546
TECHNICAL SUMMARY
THE MAJORlry OF THE WORK CONDUCTED UNDER THIS RTOP IS DIRECTED
TOWARD THE DEMJNSTRATION OF THE PERFORMANCE AND OPERATIONAL
CAPABILITY OF A SPACE STORABLE PROPULSION MODULE UNDER SIMULATED
ENVIRONMENTAL TEST CONDITIONS, FOR USE ON PLANETARY SPACECRAFT SUCH
AS JUPITER OR SATURN ORBITERS. A PROTOTYPE DEMONSTRATION PROGRAM
WILL BE CONDUCrED IN ORDER TO GAIN AN UNDERSTANDING OF SUBSYSTEM
INTERACTIONS AND TO UNCOVER UNFORESEEN OPERATIONAL AND HANDLING
PROBLEMS WHICH WOULD AFFECT SUBSYSTEM DESIGNS. THE DEMONSTRATION
SYSTEM INITIALLY WILL USE CURRENTLY AVAILABLE FLIGHTWEIGHT COMPONENTS
FROM SPARE MARINER G71 SYSTEMS AS APPROPRIATE. A HEAVYWEIGHT
FLOX/MMH ENGINE WILL BE USED IN THE INITIAL TEST SERIES. AN ALUMINUM~
TYPE 2219 F TANK WILL BE USED FOR THE OXIDIZER. AS HIGHER
RELIABILITY F HIGHER PERFORMING COMPONENTS BECOME AVAILABLE FROM
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SUPPORTING UNITS v THEY WILL BE SUBSTITUTED FOR THE ORIGINAL
COMPONENTS. AFTER THE SYSTEM HAS UNDERGONE THE CHANGE FROM
BREADBOARD TO FLIGHTWEIGHT g IT WILL BE CARRIED THROUGH A MODIFIED
PREPLIGHT RATING TEST. THE FIRST FIRING OF THE INITIAL CONFIGURATION
IS SCHEDULED TJ TAKE PLACE IN JUNE~ 1972. DURING FY'72 Q THE
DEVELOPMENT OF THE ATTITUDE PROPULSION SYSTEM FOR THE TOPS R/AD
ACTIVITY WILL BE COMPLETED~ AN ANALYSES WILL BE MADE ON WAYS TO
INTEGRATE A SIMILAR ATTITUDE PROPULSION SYSTEM INTO THE SPACE
STORABLE PROPULSION MODULE.
RTOP NO. 113-31-08 TITLE: LIQUID ROCKET PROPULSION RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER:
MONITOR: PRIEM, R. J. TELo 216-433-6259
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO PROVIDE NEW TECHNOLOGY AND TO
ACHIEVE ENGINEERING AND SCIENTIFIC IMPROVEMENTS IN THE PERFORMANCE,
RELIABILITY, SrABILITY AND COOLING OF LIQUID ROCKET PROPULSION
SYSTEMS BY UNDERSTANDING AND CONTROLLING THE PHYSICAL AND CHEMICAL
PROCESSES IN SUCH SYSTEMS. THESE OBJECTIVES WILL BE ATTAINED
THROUGH: (1) ': ONTRACTED THEORETICAL STUDIES TO DELINEATE THE
IMPORTANT DESIGN PARAMETERS REQUIRED TO ACHIEVE ENGINEERING
IMPROVEMENTS ~ (2) IN- ROUSE AND CON'I'RACTED EXPERIMENTAL STUDIE S TO
DEMONSTRATE THE VALIDITY OF SPECIFIC _THEORETICAL APPROACHES AND/OR
DESIGN PARAMETERS; AND (3) CONTRACTED EXPLORATORY STUDIES TO
INVESTIGATE NEW TECHNIQUES OR THEORETICAL APPROACHES THAT WILL AID IN
OBTAINING FURTHER ENGINEERING IMPROVEMENTS IN LIQUID ROCKET ENGINES.
AREAS IN WHICH THIS EFFORT WILL BE APPLIED _ARE: 1. STABLE
COMBUSTION PROCESSES SUCH AS SUPERCRITICAL BURNING, GAS RECIRCULATION
NEAR THE INJECrOR FACE e TURBULENT MIXING w AND GAS-GAS COMBUSTION. 2.
COMBUSTION INSTABILITY CONTROL WITH BAFFLES, ACOUSTIC ABSORBERS g
DRIVING PROCESSES~ FEED SYSTEM HYDRAULICS AND IMPROVEDMATHEMATICAL
MODELS.---- WIrH FILM OR TRANSPIRATION COOLING. 4. IGNITION DELAYS
IN SMALL THRUSrERS UNDER VACUUM START CONDITIONS. 5. STANDARDIZED
COMPUTER PROGRAMS FOR PREDICTING ENGINE PERFORMANCE. 6.
CONTAMINATION OF SPACECRAFT SURFACES BY EXHAUST GASES, SOLAR AND UV
RADIATION~ SOLID PARTICLE BOMBARDMENT AND
RTOP NO Q 113- 31-09 TITLE: ADVANCED LIQUI D ROCKET PROPULSION
COMPONENT TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: GREGORY, J. W. TEL. 216-433-6860
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE IMPROVEMENTS IN THE
TECHNOLOGY OF LIQUID ROCKET PROPULSION, INCLUDING (1) TURBOMACHINERY,
_-{2} FEED SYSTEMS, (3) INJECTORS AND THRUS'r CHAMBERS~ AND (4)
ASSOCIATED INSTRUMENTATION~ THESE PROGRAMS WILL BE PURSUED LARGELY
FOR APPLICATIONS UTILIZING HIGH ENERGY SPACE STORABLE AND CRYOGENIC
PROPELLANTS. IN TURROMACHINERY~ THE MAJOR EFFORTS WILL BE DEVOTED TO
INVESTIGATION ~FAXIAL FLOW PUMPS, INDUCER DESIGN, CAVITATION IN
CRYOGENIC PROPELLANTS g TURBOPUMP STABILITY AND POGO SUPPRESSION~ AND
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FLUORINE-LUBRI:ATED BEARINGS. IN THE AREA OF PROPELLANT FEED
SYSTEMS; EFFORlS WILL BE DEVOTED TO MAIN TANK INJECTION SYSTEMS,
POSITIVE EXPULSION DEVICES, A HOT GAS POWERED EJECTOR PUMP, AND TO
IMPROVEMENTS I~ VALVE DESIGN. INJECTOR TECHNOLOGY WILL CONTINUE WITH
THE GOAL OF PRJ VI DING KNOWLEDGE ON THE EFFECT OF INJECTOR DESIGN
VARIABLES ON CJMBUSTION EFFICIENCY AND HEAT FLUX. EFFORT ON
REGENERATIVELY COOLED THRUST CHAMBERS WILL INVESTIGATE IMPROVED
MATERIALS, FABRICATION TECHNIQUES AND NDT _INSPECTION PROCEDURES.
RESEARCH WILL ALSO BE CONTINUED TO IMPROVE THE ACCURACY OF FLOW
MEASUREMENT TE:HNIQUES IN CRYOGENIC FLUIDS.
RTOP NO. 113-31-10 TITLE: SPACECRAFT ENGINE COMBUSTION AND FLUID
FLOW
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MEEKS, P. TEL. 213-354-2546
TECHNICAL SUMMARY
THE CHEMICAL-PHYSICAL PROCESSES THAT ARE THE ESSENCE OF LIQUID
PROPELLANT ROCKET ENGINES ARE BEING CHARACTERIZED. THESE PROCESSES
INCLUDE IGNITIJN, COMBUSTION AND DECOMPOSITION, THE FLUID DYNAMICS
AND CHEMISTRY JF NOZZLE FLOWS, COMPATIBILITY OF CHAMBER WALLS WITH
REACTION PRODU:~S, PLUME EFFECTS ON SPACECRAFT COMPONENTS/STRUCTURE,
AND RESONANT CJMBUSTION. ONLY WHEN THES~ PROCESSES ARE UNDERSTOOD, IS
CONTROL AND A'PRIORI PREDICTION OF SPECIFIED CONDITIONS POSSIBLE AND
THE PERTINENT EXTRAPOLATION TO THE ENERGETIC SPACE STORABLES
JUSTIFIED. FURTHER THE EXPERIMENTAL VERIFICATION OF PROTOTYPE FLIGHT
SYSTEMS CAN BE MINIMIZED. THE MIXING EFFECTIVENESS OF VARIOUS
LIQUID/LIQUID, GAS/LIQUID, AND GAS/GAS PROPELLANT INJECTION SYSTEMS
ARE BEING EVALUATED EXPERIMENTALLY AND THE MECHANISMS THAT CONTROL
MIXING ARE BEI~G CORRELATED WITH INJECTOR DIMENSIONS AND OPERATING
CONDITIONS. AN ON-LINE ,HIGH SPEED MASS SPECTROMETER IN COMBINATION
WITH A MOLECULAR BEAM PROBE, IS BEING USED TO RELATE ENGINE
CONDITIONS (CO~POSITIONS) AND INJECTOR VARIABLES AND BOUND THE
RELEVANCE OF NON-REACTIVE DATA AND PREDICTIONS OF ANALYTICAL/COMPUTER
MODELS. THE MARGIN OF STABILITY OF A CANDIDATE SPACECRAFT ENGINE
UTILIZING GAS/GAS INJECTION OF SPACE STORABLE PROPELLANTS IS BEING
DETERMINED AND MODIFIED AS REQUIRED TO GIVE A HIGH CONFIDENCE LEVEL
FOR A SUCCESSFUL MISSION (PROPOSED). CONCURRENTLY, A COMBUSTION
MODEL (DISTRIBUTED ENERGY RELEASE) IN CONJUNCTION WITH A
2-DIMENSIONAL NON-LINEAR COMBUSTION INSTABILITY MODEL (COMB AND TRDL)
ARE BEING USED TO PREDICT STABILITY MARGINS. DENSITIES AND PRESSURES
WITHIN THE EXHAUST PLUME OF A SMALL ROCKET NOZZLEARE BEING
DETERMINED. THESE PROPERTIES----
RTOP NO. 113-31-11 TITLE: SPACECRAFT ENGINE COMPONENTS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MEEKS, P.TEL. 213-354-2546
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PLAN IS TO DEVELOP THE FEED SYSTEM"
COMPONENT AND rHRUST CHAMBER TECHNOLOGY REQUIRED TO SUPPORT ADVANCED
PROPULSION SYSrEMS SUCH AS THE SPACE STORABLE PROPULSION MODULE THAT
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WILL BE USED FOR OUTER PLANETARY MISSIONS. THE WORK INCLUDES THE
DEVELOPMENT OF COMPONENTS, THRUST CHAMBERS w AND ESTABLISHING CRITERIA
AND TECHNIQUES REQUIRED FOR THE INTEGRATION INTO ADVANCED CHEMICAL
PROPULSION SYS TEMS FOR THESE LONG DURATION (TEN YEAR) MISSIONS.
CURRENT EFFORTS INVOLVE MATERIAL APPLICAT10N; ENVIRONMENTAL AND
PROPELLANT EXPJSURE EFFECTS DETERMINATION; PERFORMANCE VERIFICATION,
AND COMPONENT DEVELOPMENT. MAJOR EMPHASIS IS BEING GIVEN TO
UNDERSTANDING rHE EFFECTS OF EXTENDED FLIGHT ENVIRONMENTAL AND
OPERATIONAL CONDITIONS. OF PARTICULAR CONCERN IS THE LACK OF
SATISFACTORY QUALIFICATION METHODS FOR ASSURING ACCEPTABLE COMPONENT
PERFORMANCE RELATIVE TO THE TEN YEAR MISSION REQUIREMENTS. THE WORK
IS DIRECTED TOWARD PROPELLANTS FOR UNMANNED SPACECRAFT. THESE
INCLUDE: FLOX, LF2, OF2, MMH, N2H4, B2H6, AND N2H4 MIXES. THE
IMPLICATIONS OF SIMULANT FLUIDS ALSO ARE BEING CONSIDERED. WORK WILL
ALSO ~E DIRECTED TO CONCEPTS ALLOWING A TELEOPERATOR/ROBOT TO PROPEL
ITSELF AND OPERATE THROUGH SPACE, THROUGH PLANETARY ATMOSPHERES,
AND/OR ON EXTRATERRESTRIAL SURFACES WITH PREDICTABLE VELOCITY. THIS
INVESTIGATION ~ILL EMPHASIZE CHEMICAL PROPULSION FOR CONCEPTS SUCH AS
A "FLYING TELEJPERATOR", INCLUDING CONTROL JETS AND OTHER ALLIED
AUXILIARY SUBSYSTEMS. CONSIDERATION WILL BE GIVEN TO THE USE OF THE
MAIN THRUSTING PROPELLANTS FOR GENERATING ~NEUMATIC, HYDRAULIC, AND
ELECTRICAL AUXILIARY POWER.
RTOP NO. 113-31-12 TITLE: LAUNCH VEHICLE PROPULSION TECHNOLOGY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER \
MONITOR: ATTAYA, H. E., JR. TEL. 205-453-1121
TECHNICAL SUMMARY
THE EFFORT OUTLINED IN THIS PLAN IS DIRECTED AT INTEGRATING
RECENT RESULTS INTO THE JANNAF'S FORMULATION OF A GENERAL ENGINE
PERFORMANCE PREDICTION METHODOLOGY, CONDUCTING ADDITIONAL TESTS TO
INVESTIGATE TRANSONIC FLOW PHENOMENA BASED ON INHOMOGENEOUS MASS
CONCENTRATION IN ALTITUDE COMPENSATING NOZZLES, INVESTIGATING THE
PHYSICAL MECHANISMS THAT CONTRIBUTE TO COMPLEX PUMP TERMINATION
IMPENDANCE, AND OBTAINING FLOW FIELD PROPERTIES OF A HYDROGEN-OXYGEN
ROCKET EXHAUST PLUME USING OPTICAL TECHNIQUES; AND TO CONTINUE
EXPERIMENTAL INVESTIGATIONS OF THE EFFECTS OF LOW GRAVITY LEVELS ON
THE NUCLEATE BJILING REGIME IN CRYOGENS, FY-71, RTOP 128-31-62.
UTILIZATION OF THE UNIVERSITY OF MICHIGAN DROP TOWER FACILITY USING
LIQUID HYDROGEN AS THE TEST LIQUID IS PROPOSED TO INVESTIGATE THE
EFFECTS OF NEAR-ZERO GRAVITY. A KNOWLEDGE OF LOW GRAVITY BOILING IS
ESSENTIAL FOR rHE DESIGN OF CBYOGEN PROPELLANT ACQUISITION AND
CONDITIONING S~STEMS. ORBITAL TESTING IS REQUIRED FOR VERIFICATION
OF BOILING HEAr TRANSFER TECHNOLOGY USED TO DESIGN SHUTTLE SYSTEMS.
RTOP NO. 113- 31 -17 TITLE: SPACE SHUTTL E - CRYOGE NIC STORAGE SYSTEM S
ORGANIZATION: MANNED SPACECRAFT CENTER\
MONITOR: CHANDLER, W. A. TEL. 713-483-4771
TECHNICAL SUMMARY
THE SPACE SHUTTLE WILL REQUIRE CRYOGENIC STORAGE SYSTEMS FOR
BOOST, MANEUVERING AND REACTICN CONTROL PROPULSION, FUEL CELL AND
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AUXILIARY POWER, AND ENVIRONMENTAL CONTROL/LIFE SUPPORT FUNCTIONS.
THE STORAGE SYSTEMS MUST SUPPlY CONDITIONED FLUIbS FOR UP TO 7 DAYS
AND SATISFY THE SHUTTLE REQUIREMENTS OF COMPLETE REUSABILITY, LOW
COST, MINIMUM MAINTENANCE AND MAXIMUM SAFETY. PRESENT TECHNOLOGY IS
INADEQUATE TO ~EET THESE REQUIREMENTS. THEREFORE, SELECTED CRITICAL
PROGRAMS WERE INITIATED IN FY;1 TO SATISFY THESE DEFICIENT
TECHNOLOGICAL AREAS AND WILL BE CONTINUED WITH FY72 FUNDS. OTHER
CRITICAL PROGRAMS WILL BE INITIATED BY THIS RTOP. THE OVERALL
PROGRAM OBJECTIVE IS TO PROVIDE THE CRYOGENIC SYSTEM TECHNOLOGY
NECESSARY TO MEET ALL THE OBJECTIVES FOR A LOW COST REUSABLE SHUTTLE
VEHICLE.,
RTOP NO. 113-31-20 TITLE: PLANETARY EXPLORATION PROPULSION
TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON v C. H. TEL o 703~82;-2893
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS RTOP IS TO EVOLVE A CHEMICAL
PROPULSION TECHNOLOGY WHICH IS APPLICABLE TO PLANETARY EXPLORATION
MISSIONS CONSISTENT WITH NASA'S FUTURE OBJECTIVES. EMPHASIS WILL BE
ON CONCEPTS AND TECHNOLOGY WHICH (A) IS COMPATIBLE WITH AND, IF
POSSIBLE g TAKES ADVANTAGE OF PLANETARY ATMOSPHERES, EXTRA-TERRESTRIAL
SURFACE CONDITIONS, AND OTHER SPECIAL ENVIRONMENTAL CHARACTERISTICS q
AND (B) RECOGNIZES THE EXTENSIVE USE WHICH WILL BE MADE IN THIS WORK
OF TELEOPERATOR AND OTHER REMOTELY OPERATED EQUIPMENT AND VEHICLES.
APPROACH INCLUDES AN INVESTIGATION AND DEMONSTRATION OF VARIOUS
CONCEPTS FOR CJNVERTING CHEMICAL ENERGY INTO MOTION TO POWER
TELEOPERATORS AND TO PRO VIDE PROPULSION FOR SURFACE ROVERS. "GROUND
EFFECT" PROPULSION IN VERY LOW DENSITY ATMOSPHERES WILL BE STUDIED,
AS WILL RAM ROCKET PROPULSION FOR LOW DENSITY ATMOSPHERES. AN
ANALYTICAL STUDY OF VERY LOW REYNOLDS' NUMBER FLOW IN NOZZLES IS
INCLUDED.
RTOP NO. 113~32-01 TITLE: ADVANCED SOLID PROPULSIO~ AND PYROTECHNIC
SYSTEMS TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS RTOP IS TO DEVELOP TECHNOLOGY FOR
NEW AND IMPROVED EXISTING SOLID PROPULSION SYSTEMS, HYBRID PROPULSION
SYSTEMS, AND PYROTECHNIC SYSTEMS FOR USE IN PLANNED AND PROBABLE
FUTURE NASA MISSIONS. WORK THIS YEAR IN SOLID PROPULSION SYSTEMS
WILL INCLUDE DEMONSTRATION OF A STERILIZABLE ROCKET MOTOR OF USEFUL
SIZE, CONTINUED DEVELOPMENT OF AN ADVANCED SOUNDING ROCKET (ASTROBEE
F, HEADQUARTERS FUNDING), AND DEMONSTRATION OF IMPROVED LOW-COST
MOLDED ROCKET CASE STRENGTH THROUGH SPECIAL MOLDING TECHNIQUES.
HYBRID MOTOR TECHNOLOGY WORK WILL INCLUDE STUDIES OF THE
APPLICABILITY ~ND PRELIMINARY DEVELOPMENT WORK ON EARTH STORABLE AND
OTHER PROPELLANT FORMULATIONS FOR IMPROVED SCOUT/DELTA UPPER STAGING,
A LIMITED DEMONSTRATION OF A WASTE UTILIZATION ROCKET DIRECTED TOWARD
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SPACE STATION/SPACE BASE APPL ICATION .. AND TESTS OE' A SUBLIMATION
COOLED NOZZLE. PENDING A DECISION ON SPECIFIC APPLICATION OF THE
HIGH ENERGY HYBRID TO DELTA AND ADDITIONAL FUNDING, FURTHER NOZZLE
TECHNOLOGY WORK AND ALTITUDE PERFORMANCE DEMONSTRATIONS WILL BE
INITIATED. PYROTECHNIC SYSTEMS WORK WILL INCLUDE A STUDY OF THE
APPLICABILITY JF PYROTECHNIC SYSTEMS TO THE PERFORMANCE OF MANY
FUNCTIONS ON SPACE SHUTTLE. POTASSIUM PERCHLORATE TECHNOLOGY FOR
PYROTECHNIC AND GAS GENERATOR DEVICES FOR VERY LONG DURATION FLIGHT
WILL BE FURTHER DEVELOPED AND EXTENDED, AND THE PROGRAM TO INCREASE
THE UNDERSTANDING OF PYROTECHNIC PERFORMANCE MECHANISMS AND THEIR
MONITORING AND EVALUATION WILL CONTINUE. IMPROVED TEST AND
MEASUREMENT TE:HNIQUES WILL INCLUDE DEMONSTRATION OF A LASER
HOLOGRAPHIC INTERFEROMETRY NDT METHOD AND A PRELIMINARY STUDY OF
GRAIN STRAIN INSTRUMENTATION METHODS.
RTOP NO. 113-32-02 TITLE~ SOLID PROPULSION FOR SPACECRAFT AND UPPER
STAGES
ORGANIZATION~ JET PROPULSION LABORATORY
MONITOR: MEEKS, P. J. TELe 213-354-2546
TECHNICAL SUMMARY
THE OBJECTIVES ARE TO CONDUCT RESEARCH e TO DEVELOP TECHNOLOGY,
AND TO TEST SOLID PROPELLANT MOTORS AND CRITICAL COMPONENTS,
INCLUDING PYROTECHNIC DEVICES, TOWARD THE GOAL OF IMPROVED PROPULSION
SYSTEMS FOR NASA SPACECRAFT AND UPPER STAGES. SPECIFIC OBJECTIVES ARE
A) TO CONTINUE DEMONSTRATION OF THE HIGH-ENERGY RESTART ABLE SOLID
PROPELLANT MOTOR TO PROVE QUENCH, RESTART, AND SECOND QUENCH UNDER
SIMULATED ALTITUDE CONDITIONS; B) TO DEVELOP TECHNOLOGY AND CONDUCT
PROOF FIRINGS OF A LOW-ACCELERATION MOTOR. ADVANCEMENTS WILL INCLUDE
LOW SHOCK IG NIT ION, A LIGHT- WEIGHT l!ALL~CARBONil NOZZLE~ VERY FLEXIB LE
PROPELLANTS, AND GOOD COMBUSTION EFFICIENCY AT LOW PRESSURE. THE
GOAL IS TO CONDUCT ONE 800 POUND SIZE MOTOR TEST PER YEAR AND
SUPPORTING 60 ~OUND MOTOR TESTS. HIGH ENERGY FUEL COMBINATIONS WILL
BE CONSIDERED; C) TO CONTINUE THE EFFORT TOWARD A BETTER
UNDERSTANDING ~F PROPELLANT MECHANICAL BEHAVIOR; TO INTEGRATE THE
ROLES OF THE BlSIC CONSTITUENTS u VARIABLES OF MANUFACTURE AND THE
FINAL CHARACTERISTICS OF PROPELLANT INTO A THEORY WHICH WOULD ALLOW A
MOTOR DESIGNER TO "DESIGN" A PROPELLANT CHARGE WITH PREDICTABLE
COMBUSTION PROPERTIES IN THE SA~E MANNER THAT A CONVENTIONAL
STRUCTURE CAN BE DESIGNED TO WITHSTAND SPECIFIED LOADS; AND D) TO
ADVANCE MOTOR AND COMPONENT TECHNOLOGY IN PREPARATION OF FUTURE
MISSION REQUIREMENTS FOR NEW SYSTEMS WITH ENOUGH POTENTIAL TO BE
CONSIDERED POR MAJOR DEMONSTRATIONS IN FY73 AND BEYOND.
RTOP NOQ 113-32~03 TITLE: ASTROBEE F DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HONECKER~ H. J. TEL. 301-982-4865
TECHNICAL SUMMARY
NASA IS w AND HAS BEEN FOR MANY YEARS, FLYING BETWEEN 30 AND 50
AEROBEE 150/170 SOUNDING ROCKETS PER YEARQ CURRENT PREDICTIONS
INDICATE THAT rHIS USAGE RATE WILL CONTINUE AND WOULD PROBABLY
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INCREASE IF BUDGETARY RESTRICTIONS WERE TO BE RELAXED. IN ADDITION r
OTHER ACTIVITIES r PRINCIPALLY AIR FORCE CAMBRIDGE RESEARCH
LABORATORY, KlrT PEAK NATIONAL OBSERVATORY, AND THE US NAVY FLY A
COMBINED TOTAL OF 15 TO 30 OF THESE VEHICLES PER YEAR. AN AEROBEE
150/170 COSTS ~BOUT $40 r OOO _EXCLUDING PAYLOAD AND ANY SPECIAL
EQUIPMENT REQUIRED. AN ADDITIONAL SUBSTANTIAL COST IS INCURRED AT
THE LAUNCH SITE SINCE THE VEHICLE MUST BE SERVICED AND ITS LIQUID
FUEL LOADED AND PRESSURIZED AFTER IT IS INSTALLED IN THE LAUNCH
TOWER. THE OBJECTIVE OF THIS PROGRAM IS TO _COMPLETE THE DEVELOPMENT
OF A NEW SOLID FUEL ROCKET MOTOR WHICH WILL SERVE AS THE PROPULSION
FOR A VEHICLE WHICH WILL REPLACE THE AEROBEE 150/170. PRELIMINARY
DEVELOPMENT OF THIS MOTOR, WHICH INCLUDES SEVERAL NEW CONCEPTS r HAS
BEEN COMPLETED AND ITS FEASIBILITY SUPPORTED BY TWO STATIC FIRINGS
UNDER CONTRACT NAS 7-774. TARGET PRODUCTION COSTS OF THE COMPLETE
SOUNDING ROCKEr r DESIGNATED THE ASTROBEE F, ARE IN _THE RANGE OF
$23 r OOO TO $28 r OOO. SUCCESSFUL DEVELOPMENT OF THE ASTROBEE F COULD
RESULT IN SAVINGS, TO NASA ALONE r IN EXCESS OF $500,000 _PER YEAR.
RTOP NO. 113-32-04 TITLE: SOLID PROPULSION COMBUSTION AND KINETICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
ONE OBJECTIVE OF THIS PROGRAM IN SOLID PROPULSION COMBUSTION AND
KINETICS IS TO ACQUIRE PERTINENT EXPERIMENTAL KNOWLEDGE AND
UNDERSTANDING )F (1) CONDENSED-PHASE REACTION AND GASIFICATION
MECHANISMS OF AMMONIUM PERCHLORATE-BASED COMPOSITE PROPELLANTS r AND
(2) DOMINANT GAS-PHASE REACTION AND HEAT/MASS TRANSFER MECHANISMS
JUST ABOVE BURNING PROPELLANT SURFACES. SPECIFIC CONTRACTED AND
IN-HOUSE PROGRAM PLANS,COVER RESEARCH IN THE FOLLOWING AREAS:
EFFECTS OF CONDENSED-PHASE REACTIONS ON PROPELLANT COMBUSTION, C02
LASER PYROLYSIS - MASS SPECTROMETRY OF PROPELLANT INGREDIENTS,
AMMONIUM PERCHLORATE/PROPELLANT STABILIZATION, PROPELLANT FLAME
STUDIES r METAL COMBUSTION r SOLID PROPELLANT AND HYBRID INSTANTANEOUS
BURNING RATE MEASUREMENTS, DEPRESSURIZATION EXTINCTION OF SOLID
PROPELLANTS, W~TER QUENCH EXTINCTION r AND IGNITION OF SOLID ROCKETS.
RTOP NO. 113-33-11 TITLE: SOLAR CELL AND ARRAY TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: BERNATOWICZ, D. T. TEL. 216-433-4000
TECHNICAL SUMMARY
RESEARCH AND DEVELOPMENT WILL BE CONDUCTED TO IMPROVE SOLAR
CELLS FOR SPACE APPLICATIONS. THE PRINCIPAL OBJECTIVES OF THIS WORK
ARE TO RAISE THE EFFICIENCY OF SOLAR CELLS AND REDUCE THE COST OF
SOLAR CELL ARRAYS. THE APPROACH TO INCREASING SOLAR CELL EFFICIENCY
WILL BE: 1. TO REDUCE THE IMPURITY LEVEL IN HIGHLY DOPED SILICON
BULK MATERIAL r 2. TO MODIFY CELL FABRICATION PROCESSES TO. ELIMINATE
DAMAGE TO _THE BULK PROPERTIES r AND 3. TO DECREASE SURFACE.
RECOMBINATION LOSSES THROUGH IMPROVED SURFACE PROPERTIES. COST
REDUCTION WILL BE PURSUED IN TWO WAYS: 1. CONTINUED DEVELOPMENT
EFFORT ON FEP-:OVERED SILICON CELL MODULES. TECHNIQUES DEVELOPED ON
16
INDIVIDUAL CELLS AND SMALL _MODULES WILL BE EXTENDED TO LARGE MODULES
AND RELIABLE MEANS TO FABRICATE AND INTERCONNECT MODULES WILL BE
DEVELOPED. 2. PURSUIT OF NEW CONCEPTS TO MAKE VERY CHEAP SILICON
SOLAR CELLS, SITCH AS BY VAPOR DEPOSITION. THE VOLTAGE BREAKDOWN
LIMITS FOR DIFFERENT CELL-COVER COMBINATIONS IN THE NEAR-EARTH PLASMA
AND THE RESULTANT CURRENT DRAINAGE AFTER BREAKDOWN, WILL BE
DETERMINED~
RTOP NO. 113-33-13 TITLE: PLANETARY SOLAR POWER TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BRIGLIO, A., JR. TEL. 213-354-6137
TECHNICAL SUMMARY
THE JPL FY 72 PROGRAM FOR PLANETARY SOLAR ARRAYS AND SOLAR CELL
TECHNOLOGY DEVELOPMENT HAS THEFOLLOWING MAJOR OBJECTIVES: 1.
INVESTIGATE THE FEASIBILITY OF DEVELOPING LIGHTWEIGHT SOLAR ARRAYS
WITH POWER TO ~EIGHT EFFICIENCIES GREATER THAN 110 WATTS PER KILOGRAM
(50 WATTS PER POUND). 2. INITIATE A PROGRAM TO INVESTIGATE SOLAR
ARRAY MATERIAL PROPERTIES, MODELING AND TEST TECHNIQUES. 3.
CONTINUE THE PROGRAM TO DEVELOP SOLAR CELL ELECTRICAL DESIGN
INFORMATION FOR DEEP SPACE MISSION APPLICATION. 4. CONTINUE SOLAR
ARRAY DYNAMIC INTERACTION WITH SPACECRAFT CONTROL STUDIES. 5.
CONTINUE LITHIITM SOLAR CELL DEVELOPMENT. 6. INITIATE A PROGRAM TO
DEVELOP GALLIUM ARSENIDE SOLAR CELLS. 7. EVALUATE THE DEVELOPMENT
OF A SILICON RIBBON GROWTH TECHNIQUE FOR SOLAR CELLS. 8. REVISE AND
PUBLISH THE SOLAR CELL SPACE RADIATION HANDBOOK. 9. INITIATE A
PROGRAM TO DEVELOP NEW SOLAR ENERGY CONVERSION DEVICES. THIS WORK
WILL BE ACCOMPLISHED THROUGH COMBINED IN-HOUSE AND CONTRACTED EFFORTS
. WITH INDUSTRY AND UNIVERSITIES. SPECIAL CONSIDERATION IN THE
APPROACH TO MEETING THESE OBJECTIVES WILL BE GIVEN TO THE MISSION
REQUIREMENTS OF THE SOLAR ELECTRIC MULTI-MISSION SPACECRAFT (SEMMS)
PROJECT.
RTOP NO. 113-34-10 TITLE: PLANETARY BATTERIES
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BRIGLIO, A., JR. TEL. 213-354-6137
TECHNICAL SUMMARY
THIS RTOP IS DIRECTED TOWARD PROVIDING THE TECHNOLOGIES FOR
VARIOUS PLANETARY MISSIONS. THE OBJECTIVES ARE: (1) THE DEVELOPMENT
OF BATTERIES FOR LONG-LIFE (3 TO 12 YEAR) PLANETARY MISSIONS; (2) THE
DEFINITION AND RESOLUTION OF THE INTERFACES CONSEQUENT FROM THE
INTEGRATION OF LONG-LIFE BATTERY SYSTEMS IN SPACECRAFT; AND (3) THE
CONTINUED INVESTIGATIONS AND DEVELOPMENT OF BATTERIES, WHICH ARE
REQUIRED FOR SHORT-LIVED (LESS THAN 3 YEARS) SPACE MISSIONS. THE
OBJECTIVES HAVE BEEN DEFINED FROM REALIZATIONS THAT THE TECHNOLOGIES
FOR BATTERIES ~ND INTERFACES REQUIRED FOR LONG-LIFE MISSIONS, SUCH AS
JUPITER ORBITER, JUPITER ENTRY PROBE, SEMMS, AND OUTER PLANET
MISSIONS, ARE NOT AVAILABLE AND THAT IMPROVEMENTS IN BATTERY
ELECTRICAL PERFORMANCE AND RELIABILITY SHOULD BE OBTAINED FOR
SHORT-LIFE MISSIJNS, SUCH AS THOSE TO MARS AND VENUS. THE ELEMEBTS
OF THIS TASK WILL BE ACCOMPLISHED BY: (1) THE DEVELOPMENT OF
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SUITABLE IND RELIABLE COMPONENTS, DESIGNS, AND FABRICATION
TECHNIQUES; (2) THE INVESTIGATION S OF THE EFFECTS OF PARTICULAR
ENVIRONMENTAL :ONDITIONS ON BATTERIES; (3) THE SECURING AND
EVALUATION OF DATA FROM CHARACTERIZATION TESTS OF THE COMPONENTS,
BATTERIES, AND BATTERY SYSTEMS, AND (4) THE ESTABLISHMENT OF THE
CONTROLS, TECHNOLOGY LEVELS~ AND PROCEDURES REQUIRED FOR FLIGHT
TECHNOLOGY READINESS. THE SUBTASKS TITLED DEVELOPMENT OF NONGASSING
BATTERIES, PULSE CHARGING TECHNIQUES, MISSION DEPENDENT BATTERY
DEVELOPMENTS AND EVALUATIONS, ELECTROCHEMICAL STUDIES~ AND HEAT
STERILIZABLE B~TTERIES ARE STRUCTURED TO ACHIEVE THE PROGRAM
OBJECTIVE S.
RTOP NO. 113-34-11 TITLE: SATELLITE BArrTERIES
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HENNIGA~, T. J. TEL. 301-982-5547
TECHNICAL SUMMARY
Ao ADVANCE BATTERY MATERIALS DEVELOPMENT B. DEVELOP NEW CELL
CONCEPTS C. DEVELOP NEW CELL AND CHARGE CONTROL CONCEPTS D. IMPROVE
CELL CHARACTERIZATION METHODS AND CELL FABRICATION PROCESS CONTROL E.
MAINTAIN TEST FACILITIES AND PERFORM BATTERY LIFE TESTS AND PERFORM
FAILURE ANALYSIS F. INVESTIGATE THERMAL CHARACTERISTICS AND DEVELOP
METHOD TO MAINrAIN BATTERY TEMPERATURES AT OPTIMUM LEVELS.
RTOP NO. 113-34-12 TITLE: ELECTROCHEMICAL POWER DEVICES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARTZ, H. J. TEL. 216-433-6910
TECHNICAL SUMMARY
ELECTROCHE~ICAL POWER DEVICES HAVE BEEN USED ON VIRTUALLY EVERY
LAUNCH VEHICLE AND SPACECRAFT FLOWN TO DATE, AND WILL CONTINUE TO BE
USED FOR THE FJRESEEABLE FUTURE. THE BROAD SPECTRUM OF MISSION POWER
_REQUIREMENTS ALREADY KNOWN AND ANTICIPATED DICTATE DEVELOPMENT OF A
_VARIETY OF ELECTROCHEMICAL POWER SOURCES TO MEET THESE NEEDS. MAJOR
EMPHASIS WILL BE PLACED ON TECHNOLOGY LEADING TO AN ADVANCED H2-02
•FUEL CELL SYSTEM FOR SPACE SHUTTLE APPLICATIONS; ON IMPROVED
SILVER-ZINC BAfTERIES FOR 5 YEAR OPERATION IN SYNCHRONOUS ORBIT; NEW
APPROACHES TO ~ICKEL-CADMIUM AND SILVER-CADMIUM BATTERY CONSTRUCTION
FOR LONG-LIFE IN LOW-ALTITUDE ORBIT; AND ON SOLID IONIC CONDUCTORS AS
AN APPROACH TO A 150 WATT-HOUR PER POUND SECONDARY BATTERY.
RTOP NO. 113-34-22 TITLE: NICAD BATTERY DEVELOPMENT FOR SPACE
STATION
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
INITIAL FABRICATION AND TEST OF BALANCED GEOMETRY 100-AH NICAD
CELLS HAS SHOWN SIGNIFICANT GAINS IN.PERFORMANCE OVER CONVENTIONAL
CELLS. INFORMATION GAINED TO DATE INDICATES THAT A 200-AH CELL CAN
BE DESIGNED USING SIMILAR TECHNIQUES. SINCE THESE CELLS ARE DESIGNED
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FOR SPACE STATION APPLICATIONS~ LONG RELIABLE LIFE EXPECTANCIES
BECOME A PRIME REQUIREMENT. THIS RTOP WILL COV~R THE CONTINUANCE OF
100-A8 CELL LIFE TESTS ALREADY IN PROGRESS., AND WILL PROVIDE
INITIATION OF 200-AH LIFE TESTS. IT WILL ALSO COVER THE IN-HOUSE
DEVELOPMENTAL WORK REQUIRED TO SUPPLEMENT THE CONTRACTS.
RTOP NO. 113-6)-01 TITLE: POWER PROCESSING RESEARCH & ADVANCED
DEVELOPMENT FOR ELECTRIC PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARZ., F. C. TEL. 216 ..... 433-6131
TECHNICAL SU~MARY
THE OBJECTIVE OF THIS PROGRAM IS TO ESTABLISH THE TECHNOLOGY FOR
_SINGLE MODULE MULTI-KILOWATT ELECTRIC POWER DC TO DC CONVERTERS.
THE CONVERTER DESIGN WILL PERMIT PARALLEL OPERATION PROVIDING POWER
LEVELS OF UP TJ 100 KH. INCLUDED IN THE TECHNOLOGY ARE CONTROL
SYSTEMS PROVIDING POWER SOURCE TRACKING~ AND ACCURATE OUTPUT
PARAMETER CONTROL. THE PROGRAM WILL PROVIDE CONVERTERS OF MAXIMUM
RELIABILITY~ MINIMUM WEIGHT AND SIZE AND WITH POWER DENSITIES OF 0.4
TO 1.0 KW/KG Ar EFFICIENCIES IN EXCESS OF 90%. ALI. PRIMARY ELECTRIC
PROPULSION SYSrEMS. PARTICULAR ATTENTION WILL BE DIRECTED TOWARD THE
SEMMS CLASS OF IQN THRUSTER. RELIABILITY ADVANCEMENT WILL BE
ACHIEVED THROU~H DEVELOPMENT OF CIRCUITS AND FUNCTIONAL CONCEPTS
WHICH MINIMIZE STRESSES ON _INDIVIDUAL COMPONENTS. WEIGHT REDUCTIONS
WILL BE ACHIEVED BY OPERATING AT HIGHER INPUT VOLTAGE LEVELS AND AT
SUBSTANTIALLY HIGHER SWITCHING FREQUENCIES THAN PRESENTLY POSSIBLE.
RTOP NO. 113-60-03 TITLE: SPACECRAFT ELECTRICAL POWER PROCESSING
AND DISTRIBUTION
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARZ g F. C. TEL. 216-433-6131
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO IMPROVE THE STATE-OF-THE-ART
OF SPACECRAFT POWER PROCESSING CIRCUITS AND COMPONENTS. PARTICULAR
ATTENTION WILL BE DIRECTED TO THE PROBLEM OF DYNAMIC LOAD
CONDITIONS~ GENERAL ADVANCEMENT IN CIRCUITS AND COMPONENTS, REQUIRED
FOR ADVANCED CONCEPT ELECTRICAL POWER ELECTRONICS, WILL BE ACHIEVED.
FLIGHT MISSIONS WITH DURATION OF TEN YEARS; ACTIVE SPACECRAFT AND
SATELLITES _FOR SURVEY e SCIENTIFIC OR COMMUNICATION PURPOSES.
CONTRACT AND IN-HOUSE STUDIES AND EXPERIMENTAL INVESTIGATIONS WILL BE
UNDERTAKEN TO JBTAIN NEW COMPONENTS AND CIRCUITS FOR IMPROVED
SPACECRAFT POWER PROCESSING SYSTEMS TECHNOLOGY.
RTOP NO. 113-60-04 TITLE: ELECTRICAL POWER PROCESSING AND
DISTRIBUTION FOR PLANETARY SPACECRAFT
ORGANIZATION~ JET PROPULSION LABORATORY·
MONITOR: BRIGLIQ, A. r JR. TEL. 213-354-6137
TECHNICAL SUMM~RY
THIS RTOP PROVIDES FOR THE DEVELOPMENT OF PO~ER PROCESSING AND
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DISTRIBUTION SYSTEMS AND RELATED TECHNOLOGY FOR FUTURE PLANETARY
SPACECRAFTo IT DEVELOPS THE NECESSARY CAPABILITY, TECHNIQUES AND
HARDWARE REQUIRED TO PRODUCE HIGH-RELIABILITY, LONG-LIFE POWER
SYSTEMS FOR RT3-POWERED OUTER-PLANET MISSIONS AND FOR ADVANCED
PHOTOVOLTAIC PJWERED MISSIONS. EXISTING POWER PROCESSING AND
DISTRIBUTION SYSTEM TECHNOLOGY CANNOT MEET THE STRINGENT REQUIREMENTS
FOR MANY FUTURE MISSIONS SUCH AS THE GRAND TOUR, WHICH REQUIRES 12
YEARS' LIFE g A SPECIFIC WEIGHT OF 25 KG/KW OR LESS, AND IMMUNITY FROM
SINGLE PIECE-PART FAILURE. THE WORK TO BE DONE INCLUDES: (1) THE
DEVELOPMENT OF HIGH-QUALITY BREADBOARD POWER PROCESSING AND
DISTRIBUTION SYSTEM FOR DETAILED EVALUATION AND TESTING IN SUPPORT OF
THE THERMOELECrRIC OUTER PLANET SPACECRAFT (TOPS) PROJECT. THIS
EFFORT WILL DEMONSTRATE TECHNOLOGY READINESS FOR AN OUTER-PLANETS
MISSION THROUGH THE DEVELOPMENT AND SELECTION OF AN OPTIMIZED POWER
PROCESSING AND DISTRIBUTION SYSTEM CONFIGURATION THAT PROVIDES HIGH
PERFORMANCE, HIGH RELIABILITY AND LONG LIFE; (2) THE DEVELOPMENT OF
NEW TECHNOLOGY CIRCUIT CONFIGURATIONS AND TECRNIQUES TO IMPROVE THE
PERFORMANCE, RELIABILITY AND LIFETIMES OF PHOTOVOLTAIC/BATTERY POWER
PROCESSING AND DISTRIBUTION SYSTEMS. THESE DEVELOPMENTS ARE
NECESSARY TO INSURE THAT TECHNOLOGY IS AVAILABLE TO MEET THE
REQUIREMENTS OF ADVANCED SOLAR POWERED MISSIONS SUCH AS SEMMS (SOLAR
ELECTRIC MULTIMISSION SPACECRAFT (RTOP 113-26-20); (3) TECHNOLOGY
WORK, BOTH ANALYTICAL AND EXPERIMENTAL, TO ADVANCE THE
STATE-OF-THE-ART IN POWER AND CONTROL TECHNIQUES FOR ACTUATION
OFELECTROMECHANICAL AND ELECTRO EXPLOSIVE----
RTOP NOo 113-60-06 TITLE: POWER PROCESSING AND DISTRIBUTION
TECHNOLOGY FOR EARTH ORBITAL SPACE
SCIENCE AND APPLICATIONS SATELLITES
ORGANIZATION: ;ODDARD SPACE FLIGHT CENTER
MONITOR: YAGERHOFER, F. TEL. 301-982-4886
TECHNICAL·SUMMARY
POWER CONDITIONING DEVELOPMENTS ARE SEEKING TO INCREASE
CONVERSION EFFICIENCIES, UTILIZE VERY LOW INPUT VOLTAGES EFFECTIVELY,
AND TRA NSFER POWER FROM A STATIONARY OR ORIENTED PLATFORM, SUCH AS A
SOLAR ARRAY OR ANTENNA, TO A SPINNING VEHICLE. INVESTIGATIONS OF
THICK FILM INTEGRATED CIRCUITS AND THE UTILIZATION OF FERROMAGNETIC
AND AIR CORE TRANSFORMERS SO AS TO REDUCE WEIGHT AND SIZE OF POWER
CONDITIONING SUBSYSTEMS IS PROPOSED.
RTOP NOo 113-6~-10 TITLE: SPACE SHUTTLE ELECTRICAL POWER PROCESSING
AND DISTRIBUTION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARZ, F. C. TEL. 216-433-6131
TECHNICAL SUMMARY
THE OBJECTIVES ARE TO ESTABLISH THE TECHNICAL CRITERIA WHICH
WILL PERMIT THE CONCURRENT OPTIMIZATION OF ELECTRICAL SYSTEMS FOR
REUSABLE HYBRID AIR AND SPACEBORNE CRAFT. THE SYSTEMS OF INTEREST
ARE: 1) THE PJWER SOURCE, 2) THE POWER DISTRIBUTION, 3) THE POWER
CONVERSION SYSrEM, AND 4) THE POWER UTILIZATION SYSTEM. THE
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OPTIMIZATION IS TO BE ACHIEVED OVER THE POWER RANGE OF 10 KW TO MORE
THAN 100 KW. DUE CONSIDERATION WILL BE GIVEN IN THE OPTIMIZATION TO
THE EFFECT ON rHE POWER SYSTEM OF ATMOSPHERIC REENTRY. A SECOND
OBJECTIVE IS TJ ESTABLISH THE TECHNOLOGY FOR CRITICAL SUBSYSTEMS AND
COMPONENTS OF THE ABOVE SYSTEMS WHERE NEW TECHNOLOGY IS REQUIRED.
APPLICATIONS I~CLUDE REUSABLE SPACE SHUTTLE LAUN:H AND ORBITER CRAFT;
AND OTHER AIR AND LARGER SPACECRAFT. THE APPROACH IS TO ACQUIRE
KNOWLEDGE ON THE NATURE OF POWER SYSTEM ~HARACTERISTICS AND THE
ASSOCIATED SUBSYSTEMS UNDER GIVEN CONSTRAINTS AND TRANSLATE THE
RESULTS OF COMPARATIVE WEIGHTING OF CONTRIBUTING FACTORS INTO
CRITERIA FOR DESIGN. ESTABLISH TECHNOLOGY FOR CRITICAL SUBSYSTEMS,
COMPONENTS FOR POWER CONTROL, POWER TRANSFER AND TRANSMISSION,
ELECTRIC ENERGY MANAGEMENT AND POWER FAULT DETECTION.
RTOP NO. 113-60-20 TITLE: SPACE STATION/BASE ELECTRICAL POWER
PROCESSING AND DISTRIBUTION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARZ, F. C. TEL. 216-433-6131
TECHNICAL SUMMARY
ESTABLISH rHE NEEDED TECHNOLOGY FOR THE ELECTRIC POWER
PROCESSING AND DISTRIBUTION SYSTEM FOR THE SPACE STATION/BASE WITH AN
ESTIMATED TOTAL POWER CAPACITY OF 30 TO 100 KW. ELECTRONIC POWER
PROCESSORS WITH POWER HANDLING CAPACITIES OF 10 KW AND BEYOND WILL BE
BREADBOARDED. THE PROCESSORS WILL OPERATE WITH INPUT VOLTAGES OF
FROM 100 TO 50J VOLTS. ELECTRICAL SWITCHGEAR WILL BE DEVELOPED
CAPABLE OF CONrROLLING THE POWER FLOW IN THE POWER DISTRIBUTION LINES
OF THE STATION/BASE. CERTAIN GENERAL ASSUMPTIONS CONCERNING THE
STATION/BASE/ELECTRICAL SYSTEMS WILL BE MADE TO PERMIT AN EARLY START
ON CRITICAL LONG LEAD TIME TECHNOLOGY. THIS WORK WILL ATTACK
PROBLEMS WHICH ARE OF SIGNIFICANCE TO THE FORESEEABLE POWER SYSTEM
CONFIGURATIONS. THE IMPORTANT ELEMENTS OF THIS WORK SHOULD BE
APPLICABLE TO THE TECHNOLOGY REQUIREMENTS AS THEY WILL EMERGE FROM
SYSTEM STUDIES.
RTOP NO. 113-6J-53 TITLE: A SOLAR ELECTRIC POWER GENERATOR SYSTEM
WITH INTEGRATED NONDISSIPATIVE ELECTRONIC
CONTROL
ORGANIZATION: LEWIS RESEARCH CENTER \
MONITOR: SCHWARZ, F. C. TEL. 216-433-6131
TECHNICAL SUMMARY
INVESTIGATE THE FEASIBILITY AND ESTABLISH THE TECHNOLOGY OF
SOLAR ELECTRIC POWER GENERATION SYSTEMS WITH APPLICATION OF
NONDISSIPATIVE TYPE ELECTRONIC CONTROL MECHANISMS TO INDIVIDUAL
ELEMENTS OF THE SOLAR ARRAY. THESE SUPPLIES WILL PROVIDE DC POWER TO
ELECTRIC SYSTEMS WHICH REQUIRE CONTROL OF INPUT VOLTAGE AND/OR
CURRENT WITHIN SPECIFIED TOLERANCES. INITIAL EMPHASIS IS PLACED ON
SUPPLY OF DC PJWER FROM TEN (10) TO FIFTEEN THOUSAND (15,000) VOLTS
TO GROUPS OF INDIVIDUAL FIXED AND/OR TIME VARYING ELECTRIC LOAD
SYSTEMS. APPLICATION AND INTEGRATION OF ELECTRONIC CONTROL
TECHNOLOGY WITH SOLAR ARRAY SYSTEMS FOR PURPOSE OF CONTROL OF THE
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ELEMENTS AND GROUPS OF ELEMENTS OF THE POWER _GENERATION PROCESS.
VERIFICATION OF SHORT AND LONG TERM ELECTRICAL _INTEGRITY OF LARGE
AREA STRUCTURES UNDER STRESS OF SIGNIFICANT ELECTRIC FIELDS CAUSED BY
POTENTIALS FRO~ 100 VOLTS TO 15 KV IN A SPACE (PLASMA) ENVIRONMENT BY
FLIGHT OF AN EXPERIMENT AS AN AUXILIARY PAYLOAD ON 1 "PIGGYBACK"
SATELLITE ATTACHED TO A FLIGHT MISSION. PLANS FOR _FI ~72 INCLUDE
THE DEVELOPMENr OF METHODOLOGY FOR SYSTEMS DESIGN OF _CONTROLLED
SOLAR POWER GENERATORS WITH MULTIPLE SUPPLY CHANNELS AND _DUAL
PURPOSE UTILIZATION TO SUPPLY IN SUCCESSION POWER TO AN ION
PROPULSION ENGINE AND TO A MICROWAVE TUBE. THESE PLANS INCLUDE THE
EFFORTS FOR STUDY DESIGN AND CONSTRUCTION OF A 3 KW LABORATORY SOLAR
POWER SUPPLY SYSTEM AND THE CONTINUATION OF EFFORTS TOWARDS THE STUDY
OF _FEASIBILITY OF LARGE AREA SOLAR ARRAYS THAT COULD WITHSTAND THE
STRESSES OF THE ASSOCIATED FIELDS.
RTOP NO. 114-03-01 TITLE: SURFACE PHYSICS AND CHEMISTRY
ORGANIZATION: ·~ARSHALL SPACE FLIGHT CENTER
MONITOR: DALINS u I. TEL. 205-453-5134
TECHNICAL SUMMARY
THEORETICAL AND EXPERIMENTAL STUDIES ARE BEING PERFORMED IN
ORDER TO AUGMENT THE UNDERSTANDING OF VARIOUS ATOMIC~ IONIC AND
ELECTRONIC INTERACTIONS AT OR ON INTERFACES OF SOLIDS. THIS STUDY IS
REORIENTED IN ORDER TO BE ABLE TO SPECIALIZE ON STUDIES OF SURFACE
INTERACTIONS THAT OCCUR ON CERTAIN SEMICONDUCTOR SURFACES. THE ROLE
OF EPITAXY AND ITS RELATIONSHIP ~O SURFACE STATES, BARRIER POTENTIAL q
ETCo Q IS BEING INVESTIGATED IN LIGHT OF RECENT SCIENTIFIC
DEVELOPMENTS IN THIS TECHNICAL AREA. AMONG THE EXPERIMENTAL METHODS
LEED AND lES IN COMBINATION WITH MEASUREMENTS OF WORK FUNCTION, FIELD
EFFECT, SURFACE CONDUCTIVITY e RECOMBINATION VELOCITY IS EITHER
EMPLOYED OR BEING CAREFULLY EVALUATED FOR FUTURE EFFORTS. THE
PREPARATION OF THE TEST SURFACE AND THE METHODS USED IN THIS STUDY
ARE CONSISTENT WITH THE SO CALLED "CLEAN SURFACE" lpPROACH.
COMPLEMENTING THEORETICAL STUDIES PERTAINING TO THE SURFACE STATES
PROBLEM IS BEING. CONDUCTED IN ORDER TO DEVELOP A BETTER UNDERSTANDING
OF THE PHYSICAL ASPECTS OF THE PROBLEM.
RTOP NO. 114-03-01 TITLE: SURFACE PHYSICS AND CHEMISTRY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR~ GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THIS RESEARCH INCLUDES THEORETICAL AND EXPERIMENTAL STUDIES OF
THE PHYSICAL, MECHANICAL AND ELECTRONIC PROPERTIES OF SURFACES.
THESE STUDIES RANGE FROM THEORETICAL MODELING OF AN ATOM-SOLID
INTERACTION AND SURFACE ENERGY STATES AND CHARACTERIZATION OF THE
INTERACTIONS OF GASES AND SURFACES WITH A SURFACE-ION MASS
SPECTROMETER TJ ATTEMPTS TO GAIN UNDERSTANDING OF THE KINETICS OF
NUCLEATION AND GROWTH OF CRYSTAL NUCLEI WITH IN SITU
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ULTRA-HIGH-VACUUM ELECTRON MICROSCOPY. RESULTS OF THIS WORK WILL
IMPROVE OUR UNDERSTANDING OF STRESS CORROSION OF METALS AND OF
NUCLEATION AND GROWTH OF THIN FILMS u AND WILL HAVE APPLICATION IN
SUCH AREAS AS :ORROSION PREVENTION v MATERIALS PROCESSING Q AND
ELECTRONICS.
RTOP NO. 114-03-02 TITLE: PHYSICS AND CHEMISTRY OF SOLIDS
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: GOODWIN u G. TEL. 415-961-2265
TECHNICAL SUMMARY
STUDIES OF THE PHYSICS AND CHEMISTRY OF METALS ARE TO BE
CONDUCTED TO G~IN A BETTER UNDERSTANDING OF THE EFFECTS OF THE
ENVIRONMENT OF EARTH, PLANETS r AND INTERPLANETARY SPACE ON THEIR
STRUCTURAL PERFORMANCE. MECHANICAL. ELECTRICAL w AND OPTICAL
PROPERTIES ARE TYPICAL OF THOSE MATERIAL PROPERTIES WHICH CAN BE
DEGRADED BY EXPOSURE TO THESE ENVIRONMENTS; THESE PROPERTIES WILL BE
STUDIED WITH TENSILE AND FATIGUE TESTING MACHINES, OPTICAL
INSTRUMENTS~ CRACK DETECTORS~ ETC. u AFTER (AND DURING IF APPROPRIATE)
EXPOSURE TO SIMULATED PLANETARY AND SPACE ENVIRONMENTS~ RESULTS OF
THIS WORK WILL BE USEFUL IN THE DESIGN OF AIRCRAFT AND SPACECRAFT.
THE EFFECTS OF SHOCK WAVES ON NATURAL CRYSTALLINE MATERIALS ARE BEING
STUDIED TO DETERMINE THE MECHANISMS OF ATOMIC REARRANGEMENT WHICH
LEAD TO THE STRUCTURAL CHANGES OBSERVED FOLLOWING SUCH SHOCK LOADING.
RESULTS WILL BE OF VALUE IN LEADING TO A FULLER UNDERSTANDING OF THE
MECHANISMS BY ~HICH DIFFERENT CRYSTALLINE STRUCTURES DEFORM AND
COLLAPSE UNDER SUDDENLY APPLIED LOADS~
RTOP NO. 114-03-02 TITLE: PHYSICS AND CHEMISTRY OF SOLIDS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: LAD w R. A. TELe 216-433-6601
TECHNICAL SUMMARY
TO OBTAIN AN INCREASED UNDERSTANDING OF THE BASIC PROPERTIES OF
THE SOLID STATE€ BOTH BULK AND SURFACE u WITH PARTICULAR EMPHASIS ON
THE ROLE OF ELECTRONIC AND MAGNETIC PROPERTIES~ ATOMIC STRUCTURE AND
CHEMICAL REACTIVITY IN THE DETERMINATION OF PHYSICAL u CHEMICAL AND
MECHANICAL PROPERTIESe THE RESEARCH IS DESIGNED TO APPLY TO
MATERIALS PREPARATION AND TO THE CONTROL OF PHYSICAL PHENOMENA IN
MATERIALS OF STRUCTURAL AND ELECTRONIC IMPORTANCE TO NASA. PROGRAMS
IN DIFFUSION: THEORETICAL AND EXPERIMENTAL STUDIES OF DIFFUSION AND
DEFECT STRUCTURE IN REFRACTORY Bce METALS AND APPLICATION TO STRAIN
AGING AND CREEP, SURFACE DEFECT STUDIES ON INSULATORS USING EPR AND
ELECTRON BOMBARDMENT. PROGRAMS ON ELECTRONIC AND MAGNETIC
PROPERTIES: THEORY AND EXPERIMENTAL VERIFICATION FOR RARE EARTH
ALLOYS u STUDIES OF HIGH COERCIVE FORCE MATERIALS USING
MAGNETOSTRICTIJN AND MOSSBAUER SPECTROSCOPY. PROGRAMS ON CHEMICAL
BOND CONTROLLED PROPERTIES: MASS SPECTROMETRIC STUDY OF REFRACTORY
COMPOUNDS AT HIGH TEMPERATURES r MECHANICAL PROPERTIES OF THE TIH
SYSTEM r HIGH PURITY METAL PREPARATION BY ELECTRON BOMBARDMENT, THEORY
AND EXPERIMENT~L STUDIES OF CHEMISORPTION.
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RTOP NO. 114- 03-02 TITLE: PHYSIC S AND CHE~lISTRY OF SOL ID S
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. i03-821-2893
TECHNICAL SUMMARY
THE EFFECTS OF HAZARDOUS CONDITIONS ENCOUNTERED BY MAN IN SPACE
AND PLANETARY ENVIRONMENTS WILL IMPOSE SERIOUS CONSTRAINTS ON BOTH
MISSION AND SPACECRAFT DESIGN FOR ANY LONG TERM MANNED SPACE rUSSION.
OF PRIMARY CONCERN IS THE PHYSICAL INCAPACITATION AND SUBSEQUENT
REDUCED PERFORMANCE LEVEL OF THE ASTRONAUT DUE TO THE MITOGENIC
INHIBITION OF SOMATIC CELLS WHICH UNDERLIES CRITICAL SPACE RADIATION
SICKNESS. INHIBITION AND OVER-STIMULATION OF MITOSIS BY RADIATION
AND WEIGHTLESSNESS q RESPECTIVELY, CAN LEAD TO SEVERE HOMESOTATIC
UPSET AND EVEN DEATH. RESEARCH IS PLANNED TO DETERMINE THE BASIC
MOLECULAR PROCESSES INVOLVED IN THE REGULATION OF MITOGENESIS IN
SOMATIC CELLS, AND THE FUNCTIONAL ALTERATION OF THESE PROCESSES BY
ADVERSE ELEMENfS OF SPACE AND PLANETARY ENVIRONMENTS. CURRENT
INVESTIGATIONS WILL BE CONCERNED WITH ESTABLISHING THE CORRELATION
AND INTERACTIONS BETWEEN STRUCTURAL FORM AND FUNCTION IN BIOLOGICAL
SYSTEMS AT THE FUNDAMENTAL MOLECULAR LEVEL SPECIFIC AREAS OF
INTEREST ARE r fHE MOLECULAR STRUCTURE OF THE CELL MEMBRANE g THEIONIC
PARTITIONING ABILITY OF THE CELL u THE STRUCTURE OF THE HUMAN
CHROMOSOME, AND THE EFFECTS OF IONIC ENVIRONMENTS ON THE PHYSICAL
STATE OF THE CHROMOSOMAL DNA, THE INFORMATION GAINED WILL PINPOINT
THE KEY MOLECULAR PROCESSES UNDERLYING MITOSIS AND PROVIDE A RATIONAL
BASIS FOR COUNTERMEASURE DEVELOPMENT.
RTOP NO. 114- 03-0 3 TITLE: PROPER TI ES OF MATERI ALS FOR ELECTRONIC
APPLICATIONS
ORGANIZATION: ~ARSHALL SPACE FLIGHT CENTER
MONITOR: URBAN" E. W. TEL. 205-453-5134
TECHNICAL SUMMARY
A WIDE VARIETY OF SUPERCONDUCTING DEVICES HAVE BEEN PROPOSED FOR
SPACE APPLICATIONS a INCLUDING MAGNETS AND INSTRUMENTATION. ALL ARE
LIMITED IN UTILITY BY EXCESSIVELY LOW OPERATING TEMPERATURE
REQUIREMENTS; MAGNETS ARE ADDITIONALLY RESTRICTED BY MAGNETIC-THERMAL
INSTABILITIESo IT IS IMPORTANT TO SEEK TECHNIQUES FOR INCREASING
SUPERCONDUCTING TRANSITION TEMPERATURES~ TO INVESTIGATE NEW
SUPERCONDUCTIN3 INSTRUMENTATICN CONCEPTS, AND TO IMPROVE THE
STABILITY OF MAGNETIC MATERIALS. THEORETICAL AND EXPERIMENTAL
STUDIES ARE BEING MADE OF THE PROPERTIES AND PREPARATION OF KNOWN AND
NEW SUPERCONDUCTORS TO DETERMINE THOSE PARAMETERS WHICH GOVERN
TRANSITION TEMPERATURES AND MAGNETIC FIELD PROPERTIES u WITH AN
ULTIMATE GOAL aF BEING ABLE TO SPECIFY THE CHARACTERISTICS OF AND TO
PRODUCE MATERIALS OF GREATER UTILITY IN SPACE; ALSO STUDIES ARE MADE
TO ENHANCE THE CAPABILITIES OF SUPERCONDUCTING QUANTUM
INSTRUMENTATION FOR SPACE EXPERIMENTS AND TECHNOLOGICAL APPLICATIONS.
ELECTROMAGNETIC AND PARTICULATE RADIATION ALTER SIGNIFICANTLY THE
OPTICAL, ELECTRONIC, AND MAGNETIC PROPERTIES OF INORGANIC
SEMICONDUCTORS. IN PARTICULAR, WHEN USED IN THERMAL CONTROL COATINGS
FOR SPACECRAFT, SUCH SEMICONDUCTORS ARE DEGRADED g CHIEFLY BY
ULTRAVIOLET RADIATION AND SOLAR WIND PROTONS, AND BECOME LESS
EFFECTIVE IN CJNTROLLING THE TEMPERATURE~ MECHANISMS FOR THE
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DEGRADATION ARE INCOMPLETELY UNDERSTOOD g AND IT IS THUS IMPOSSIBLE
EITHER TO PREDICT METHODS FOR IMPROVING KNOWN MATERIALS OR TO SPECIFY
MORE SUITABLE ~LTERNATE MATERIALS. THEORETICAL AND EXPERIMENTAL
STUDIES ARE IN PROGRESS TO ELUCIDATE THE GENERAL DAMAGE MECHANISMS IN
INORGANIC SEMI:ONDUCTORS~ EXPERIMENTAL TECHNIQUES INCLUDEEPR w
OPTICAL ABSORPTION AND REFLECTANCE--~-
RTOP NOQ 114-03-03 TITLE: PROPERTIES OF MATERIALS FOR ELECTRONIC
APPLICATIONS
ORGANIZATION: LANGLEY RESEARCH CENTER·
MONITOR: NELSON 1 C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE ELECTR)NIC AND OPTICAL PROPERTIES OF MATERIALS ARE CRUCIAL
FOR ALL SOLID-STATE DEVICES. OF INTEREST FOR THESE DEVICES ARE
SEMICONDUCTOR BULK AND SURFACE CARRIER-RECOMBINATION RATES, IMPURITY
TYPE AND ENERGY, AND STABILITY OF THESE PARAMETERS TO TEMPERATURE q
LIGHT AND ADSORBED GASES~ THE PROPERTY STUDIES COVERED BY THIS RTOP
ARE FUNDAMENTAL TO IMPROVED SOLAR CELLS, NEW LIGHT-CONTROLLED
MICROWAVE MODULATORS AND INFRARED DETECTORS g LIGHT-EMITTING DIODES,
HIGH-TEMPERATURE TRANSISTORS, AND OPTICAL MEMORIES FOR ULTRA-HIGH
DENSITY COMPUTERS. SOLAR CELLS COULD BE IMPROVED IN EFFICIENCY USING
GAAS HAVING LOWERED SURFACE RECOMBINATION RATE, AND IN HIGH
TEMPERATURE PO~ER PRODUCTION, BY EMPLOYING P-N JUNCTIONS IN EITHER
GAAS OR CDS. HIGH TEMPERATURE TRANSISTORS~ BLUE AND GREEN LIGHT
EMITTING DIODES AND DIODE LASERS REQUIRE IMPROVED DOPING AND
CHARACTERIZATI)N OF WIDE BANDGAP SEMICONDUCTORS, SUCH AS GAlS, GAP q
eDTE AND ZNSE. AS AN OUTGROWTH FROM STUDIES OF ORGANIC
PHOTOCHROMICS, PARAMAGNETIC ORGANIC SOLIDS HAVE RECENTLY BEEN
DISCOVERED AND SUGGEST POTENTIAL APPLICATIONS AS MICROWAVE
MODULATORS, INFRARED DETECTORS AND IN PARAMAGNETIC 6 RATHER THAN
FERROMAGNETIC, TAPE RECORDING. OPTICAL MEMORIES FOR COMPUTERS BASED
ON INDEX OF REFRACTION CHANGE AND PHASE HOLOGRAMS REQUIRE STUDIES OF
A RANGE OF FERROELECTRIC q PHOTOELECTRIC AND PHOTOCHEMICAL SYSTEMS.
RTOP ~O~ 114-03-04 TITLE: ADVANCED FORMING AND PROCESSING
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: BANNISTER u T. C. TEL. 205-453-3090
TECHNICAL SUMMARY
THE PURPOSE OF THIS RTOP IS TO DEVELOP THE TECHNOLOGY AND
KNOWLEDGE NECESSARY TO UNDERSTAND THE BASIC EFFECTS OF THE SPACE
ENVIRONMENT ON PROCESSES IN NASA'S SPACE PROCESSING PROGRAM INVOLVING
CRYSTAL GROWTH AND SOLIDIFICATION. PAST EFFORTS HAVE BEEN DEVOTED
PRIMARILY TOWARD DEFINITION OF GRAVITY EFFECTS AND TOWARD DEFINITION
OF CANDIDATE PROCESSES HAVING POTENTIAL FOR USAGE IN SPACE. THE
PRESENT OBJECTIVE IS TO CONTINUE THIS WORK AND TO FOCUS UPON
DEVELOPING AN IN-DEPTH SCIENTIFIC UNDERSTANDING ON METALLIC AND
SEMICONDUCTOR :RYSTALS BEING CONSIDERED IN SPACE PROCESSING. THE
APPROACH TO BE USED IN THIS EFFORT IS TO USE A BALANCE OF INHOUSE
RESEARCH AND CJNTRACT RESEARCH IN ORDER TO ACCOMPLISH SPECIFIC
TECHNICAL TASKS INCLUDING: 1) DEFINITION OF CONVECTION EFFECTS ON
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SOLIDIFICATION; 2} DESCRIPTION OF SOLIDIFICATION IMPERFECTIONS THAT
OCCUR DURING CRYSTAL GROWTH; 3) DEVELOPMENT OF CERTAIN GROWTH
TECHNIQUES SUITABLE FOR SPACE FLIGHT; 4} DEFINITION AND DEVELOPMENT
OF CHARACTIZATION TECHNIQUES CAPABLE OF IMPORTANT CRYSTAL DEFECTS.
RTOP NO. 114-03-05 TITLE: SPACE RADIATION SHIELDING & DOSIMETRY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER g
MONITOR: DECHER~ R~ TEL. 205-453-5130
TECHNICAL SUMMARY
SPACE RADIATION IS A MAJOR CONSIDERATION IN ALL SPACE MISSIONS q
WHETHER MANNED OR UNMANNED. THESE RADIATIONS MAY EMANATE FROM THE SUN
(SOLAR PROTONS) 5 INTERGALACTIC SPACE (COSMIC RAYS) v EXIST AS TRAPPED
PARTICLES (BOTH ELECTRONS AND PROTONS) IN THE EARTHiS MAGNETIC FIELD~
OR BE CREATED WITHIN THE SPACECRAFT ITSELF BY ON BOARD SOURCES. THE
MARSHALL SPACE FLIGHT CENTER HAS MAINTAINED A CONTINUOUS EFFORT IN
THIS FIELD SIN:E ITS ORIGINAL ASSOCIATION WITH THE TEAM WHICH
DISCOVERED THE VAN ALLEN BELTS. THE PRESENT EFFORTS AT MSFC ARE
DIRECTED TOWARD IMPROVING THE USE AND KNOWLEDGE OF THE RADIATION
ENVIRONMENT AS REQUIRED FOR SPACE VEHICLE DEVELOPMENT; CALCULATIONS
AND MEASUREMENrS TO DETERMINE THE EFFECTIVENESS OF CURRENT PASSIVE
SHIELDING TECH~IQUES; RESEARCH TO DEVELOP NEW TECHNIQUES FOR
DOSIMETRY v ESPECIALLY FOR HEAVY CHARGED PARTICLES; AND STUDIES TO
DETERMINE BASI: CHARGED PARTICLE COLLISION CROSS SECTION DATA. THE
MAJOR EFFORT IN FY-72 WILL BE IN THE AREA OF COSMIC RAY TRANSPORT AND
DOSIMETRY WITH A LOW LEVEL SUPPORT TO THE OR Nt RADIATION SHIELDING
INFORMATION CE~TER AND THE COMPLETION OF A SPACE RADIATION SHIELDING
HANDBOOK.
RTOP NO. 114-03~05 TITLE: SPACE RADIATION SHIELDING ANp DOSIMETRY
ORGANIZATION: LANGLEY RESEARCH CENTER .
MONITOR: NELSON: C. H. TEL. 703-827~2893
TECHNICAL SUMMARY
INVESTIGATE THE EFFECTS OF INTERMEDIATE ENERGY PROTONS AND ALPHA
PARTICLES ON VARIOUS MATERIALS w FOR THE PURPOSE OF "IMPROVING
CALCULATIONS OF RADIATION SHIELD EFFECTIVENESS AND OF BIOLOGICAL
DOSE. DEVEL3P AND MAINTAIN THEORETICAL MODELS AND COMPUTATIONAL
METHODS TO ANALYTICALLY OBTAIN THE RADIATION COMPONENTS OF THE
ENVIRONMENT, TRANSPORT THESE THROUGH ANY GIVEN MATERIAL AND ESTIMATE
THE BIOLOGICAL DOSE AT A GIVEN POINT~ DEVELOP A PARTICLE
IDENTIFICATION SYSTEM AND ENERGY SPECTROMETER TO BE USED AS A REAL
TIME REM DOSIMETER FOR FUTURE LONG-DURATION MANNED SPACE FLIGHTS.
INVESTIGATE THE EFFECT OF IONIZING RADIATION ON VARIOUS TYPES OF
PHOTOGRAPHIC EMULSIONS AND ADVANCE THE STATE OF THE ART TO THE POINT
WHERE SPACE RADIATION NO LONGER POSES A SERIOUS THREAT TO THE USE OF
PHOTOGRAPHIC EMULSIONS ON REALISTIC SPACE MISSIONS. PERFORM
EXPERIMENTS AT PROTON AND ALPHA PARTICLE ACCELERATORS TO MEASURE THE
MASS F CHARGE, ENERGl y AND ANGIE OF EMISSION OF NEUTRAL AND CHARGED
SECONDARY PARTICLES THAT ARE PRODUCED AS A RESULT OF THE PASSAGE OF
INTERMEDIATE ENERGY PROTONS AND ALPHA PARTICLES THROUGH MATTER. USE
AN IN-HOUSE COMBINATION OF EMULSION w PROTON EXPOSURE B AND DOSIMETRY
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TECHNIQUES AND A STATE-OF-THE-ART FILM EXPOSURE AND PROCESSING
LABORATORY TO DETERMINE THE PHOTOGRAPHIC RESPONSE OF DIFFERENT
EMULSIONS TO SPACE RADIATION~
RTOP NO. 114-03-06 TITLE: SPACE RADIATION EFFECTS LABORATORY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON r C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE FOR THE MANAGEMENT p OPERATION, AND
MAINTENANCE OF THE SPACE RADIATION EFFECTS LABORATORY (SREL). THE
LABORATORY IS rrSED JOINTLY BY SCIENTISTS AND ENGINEERS TO PERFORM
RESEARCH IN BASIC PHYSICS, RADIOBIOLOGY, AND THE EFFECTS OF RADIATION
ON MATERIALS, COMPONENTS, AND SYSTEMS PLANNED FOR USE IN SPACE~ THE
LABORATORY IS JPERATED BY THE COLLEGE OF WILLIAM AND MARY UNDER
CONTRACT TO THE LANGLEY RESEARCH CENTER~ THE OPERATING TIME IS
SHARED EQUALLY BETWEEN EDUCATIONAL INSTITUTIONS AND GOVERNMENT
AGENCIES.
RTOP NO. 114-03-07 TITLE: OPTICAL CONTAMINATION OF SPACECRAFT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-821-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO IDENTIFY CONTAMINATION ON
SPACECRAFT SURFACES AND TO MEASURE CONTAMINATION IN GROUND FACILITIES
AND IN SPACE. CONSIDERATION WILL BE GIVEN TO WAYS OF MONITORING AND
CONTROLLING CONTAMINATION AND MEASURING THE CHANGES IN PROPERTIES OF
SENSITIVE SGRFACES ON SPACECRAFT DUE TO CONTAMINATION. TECHNIQUES
WILL BE DEVELOPED FOR DEPOSITING p DETECTING~ AND IDENTIFYING
CONTAMINANTS ON SOLID SURFACES IN THE SPACE ENVIRONMENT. THESE
TECHNIQUES WILL BE USED TO DETERMINE THE EFFECTS OF CONTAMINANTS ON
THE SURFACE AND/OR BULK PROPERTIES OF SPACECRAFT MATERIALS.
RTOP NO~ 114-03-07 TITLE~ OPTICAL CONTAMINATION OF SPACECRAFT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER,
MONITOR: ~EATHERS, H. M. TEL~ 205-453~3040
TECHNICAL SUMMARY
THIS STUDY IS DIRECTED TOWARD A BETTER UNDERSTANDING OF THE
INDUCED ENVIRONMENT AROUND SPACECRAFT, BOTH MANNED AND UNMANNED AS IT
DEGRADES THE RESULTS OF IMPORTANT MEASUREMENTS AND EXPERIMENTS.
MOREOVER t THIS RTOP PROVIDES FOR THE STUDY, CONTROL, MONITORING, AND
ABATEMENT OF CJNTAMINATION AS IT EFFECTS ASTRONOMICAL INSTRUMENTS,
THERMAL CONTROL SURFACES, AND OTHER CRITICAL OPTICAL SURFACES SUCH AS
FOUND ON SKYLAB, HEAO, SPACE STATION g SPACE SHUTTLE, AND RAM.
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RTOP NOo 114-03-08 TITLE: EFFECTS OF VENT AND THRUSTER PLUME S ON
VEHICL E SURF ACES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: MARK~ H. TEL. 216-433-6201
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DETERMINE THE EFFECTS OF
RELEASING GASES FROM A SPACE VEHICLE OR FROM A NEIGHBORING VEHICLE IN
SUCH A WAY AS ro AFFECT THE OPERATION OF THE VEHICLE OR ANY OF ITS
COMPONENTS. DETERMINATION OF THE EFFECTS ON SPACE VEHICLE SURFACES
OF FIRING CHEMICAL ROCKETS FOR MANEUVERING OR DOCKING IN THE VICINITY
OF ANOTHER SPACE VEHICLE WILL BE INCLUDED. CRITICAL LOW TEMPERATURE
SURFACES ON WHICH CONDENSATES WILL MOST PROBABLY APPEAR WILL BE
STUDIED. EFFECrS FOR HIGHER TEMPERATURE SURFACES ON WHICH UNDESIRABLE
REACTIONS COULD OCCUR WILL BE INCLUDED. THE EFFECTS OF ADDITIONAL
ENVIRONMENTAL FEATURES WILL BE CONSIDERED AND SOME EFFORT WILL ALSO
BE DIRECTED TOWARDS APPLICATION OF PLUME VEHICLE INTERACTIONS FOR
REFURBISHMENT JF SURFACES. WHERE POSSIBLE SPECTRAL DATA WILL BE
ADDED TO HELP IDENTIFY THE CONTAMINANT AS WELL AS TO PROVIDE THE
POSSIBILITY OF CORRECTING MEASUREMENTS MADE BY OPTICAL INSTRUMENTS
UNDER THESE CONDITIONS.
RTOP NO. 114-03-20 TITLE: ADVANCED MATERIALS FOR SPACE
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: BROOKS .. G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVES OF THE RESEARCH PROGRAM ARE: ('1) TO EVALUATE THE
EFFECTS OF LONG TERM EXPOSURE TO SPACE ENVIRONMENTAL CONDITIONS ON
POLYMERIC MATERIALS USED AS ADHESIVES, SEALANTS u AND INSULATORS IN
SPACECRAFT STRUCTURES AND COMPONENTS; (2l TO DEVELOP AND EVALUATE
COATINGS FOR METALS, CE~AMICSr AND PLASTICS EXPOSED TO HIGH
TEMPERATURES AND/OR EROSIVE ENVIRONMENTS; AND (3) TO STUDY THE
THERMO-PHYSICAL PROPERTIES OF ABLATIVE CHARS. THE THERMAL,
MECHANICAL, AND DIELECTRIC PROPERTIES OF POLYMERIC MATERIALS WILL BE
EVALUATED EXPERIMENTALLY BEFORE AND FOLLOWING UP TO FOUR MONTHS
EXPOSURE TO HIGH VACUUM. TECHNIQUES SUCH AS THERMOGRAVIMETRIC
ANALYSIS AND DIFFERENTIAL THERMAL ANALYSIS IN CONJUNCTION WITH GAS
CHROMOTOGRAPHY AND RESIDUAL GAS ANALYSIS WILL BE USED TO
QUALITATIVELY AND QUANTITATIVELY DETERMINE OUTGASSING PRODUCTS OVER A
BROAD TEMPERATURE RANGE. COATED METALLIC AND NON-METALLIC MATERIALS
WILL BE EVALUATED IN THERMAL, VACUUM, AND MECHANICAL ENVIRONMENTS.
CRYSTALLOGRAPHIC AND CHEMICAL CHANGES IN CERAMIC COATINGS SUBJECTED
TO CYCLIC TEMPERATURE WILL BE DETERMINED. THE EFFECTS OF SUCH
FACTORS AS HEArING RATE .. MAXIMUM TEMPERATURE .. AND HEATING HISTORY ON
THE CONDUCTIVITY OF ABLATIVE MATERIAL CHARS WILL BE INVESTIGATED.
RTOP NO. 114-03-20 TITLE: ADVANCED MATERIALS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: :ANTOR, B. R. TEL. 301-982-2309
TECHNICAL SUMMARY
CHEMICAL VAPOR DEPOSITION ~VD)AND ION BEAM POLISHING (IBP) ARE
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TITLE: ADVANCED MATERIALS FOR SPACE
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AMONG THE PROCESSES BEING STUDIED FOR THE PRODUCTION OF STRONG w
HIGHLY STABLE AND ACCURATE OPTICAL ELEMENTS. CVD SHOULD PERMIT
FABRICATION OF ACCURATE STRESS~FREE COMPONENTS FROM A POLISHED MASTER
WHILE IBP WILL PERMIT REMOVING SMALL. CONTROLLED AMOUNTS OF MATERIALS
FROM OPTICAL SURFACES BY EROSION WITH AN ACCELERATED BEAM OF IONS TO
ACHIEVE THE DESIRED CONFIGURATION. EXPLOSIVE FORMING IS ANOTHER
TECHNIQUE WHICH IS BEING STUDIED FOR PRODUCING LARGE REFLECTIVE
ELEMENTS. THE FEASIBILITY OF USING A PIEZOELECTRIC POSITIONER TO
ACHIEVE MOTION ACCURACIES IN THE ORDER OF 2.54 X 10 TO THE MINUS 8TH
POWER METER HAS BEEN DEMONSTRATED. FURTHER DEVELOPMENT OF THIS OR
SIMILAR DEVICES FOR THE PURPOSE OF POSITIONING OPTICAL ELEMENTS AS
WELL AS FOR GENERATING ACCURATE OPTICAL SURFACES WILL BE CONTINUED.
RTOP NO. 114-03-20
ORGANIZATION: LEWIS
MONITOR: HALL,
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP IMPROVED REFRACTORY
ALLOYS WITH SUPERIOR COMBINATIONS OF MECHANICAL PROPERTIES FOR SPACE
POWER SYSTEMS, RE-ENTRY VEHICLES g NUCLEAR REACTORS, AND OTHER SPACE
APPLICATIONS. TO ACHIEVE THIS OBJECTIVE~ THE HIGH TEMPERATURE
STRENGTH PROPERTIES OF REFRACTORY ALLOYS OF W, TA 6 AND MO ARE BEING
ENHANCED THROU~H MECHANISTIC STUDIES OF LONG TIME CREEP BEHAVIOR,
PRECIPITATE STRENGTHENING g AND THERMOMECHANICAL PROCESSING RESPONSE.
THE SOLUTION SJFTENING BEHAVIOR DR DILUTE REFRACTORY ALLOYS IS BEING
STUDIED TO IMPROVE LOW TEMPERATURE DUCTILITY. A SECOND OBJECTIVE OF
THIS PROGRAM IS TO PROVIDE MATERIALS RESEARCH TO SUPPORT NUCLEAR
THERMIONIC SYSTEMS.
RTOP NO. 114-03-22 TITLE: POLYMERS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THIS PROGRAM IS TO ASCERTAIN THE
FEASIBILITY OF SYNTHESIZING A HIGH TEMPERATURE SUPERCONDUCTOR. THE
ACHIEVEMENT OF THE OBJECTIVE REQUIRES UNDERSTANDING AND CONTROL OF
ELECTRONIC CONDUCTIVITY IN POLYMERIC MATRICES. THE GENERAL APPROACH
INVOLVES THEORETICAL CALCULATIONS AND SYNTHESIS OF BOTH NEW AND
MODIFIED POLYMERIC AND PROTOTYPE CHEMICAL STRUCTURES~ THE
CHARACTERIZATIJN OF THESE MATERIALS AND THE DETERMINATION OF CHEMICAL
STRUCTURE AND PROPERTY RELATIONSHIP. THE EMPHASIS IS PLACED ON AN
EXPERIMENTAL STUDY OF TWO DIMENSIONAL SUPERCONDUCTIVITY BASED ON THE
GINZBURG MODEL. THIS INVOLVES INCORPORATION OF MOLECULAR LAYERS OF
METALS INTO LAYERED STRUCTURES (E.G., MOLYBDENUM DISULFIDE,
PREFERABLY IN HIGHLY CRYSTALLINE FORM) FOLLOWED BY PHYSICAL AND
CHEMICAL ANALYSIS AND THE DETERMINATION OF THE SUPERCONDUCTING
TRANSITION TEMPERATURE. MONODIMENSIONAL SYSTEMS (E.G. CRYSTALLINE
TCNQ STRUCTURES) ARE ALSO UNDER INVESTIGATIONS BY A SIMILAR APPROACH.
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RTOP NO. 114-03~23
ORGANIZATION: LEWIS
MONITOR: HALLe
TECHNICAL SUMMARY
THIS PROGRAM INVOLVES THE DEVELOPMENT OF CARBON OR GRAPHITE
FIBER--ALUMINUM ALLOY MATRIX COMPOSITES FOR STRUCTURAL APPLICATIONS.
FABRICATION AND COMPATIBILITY STUDIES ARE A REQUISITE TO THE
SUCCESSFUL PRODUCTION OF COMPOSITES AND WILL CONSTITUTE A MAJOR
PORTION OF THE PROGRAM. HIGH STR~NGTH, LARGE DIAMETER CARBON BASE
MONOFILAMENTS HAVE BEEN DEVELOPED UNDER CONTRACT TO NASA. THESE HAVE
POTENTIAL AS REINFORCEMENTS OF METAL IN THAT THEY CAN BE HANDLED,
COATEDr AND RESIST DAMAGE MORE READILY THAN USUAL FINE DIAMETER
FIBERS. THE PRIMARY EMPHASIS IN THE PROGRAM WILL INVOLVE THESE LARGE
FIBERS. AS BASIS FOR COMPARISON, AND BECAUSE CONVENTIONAL FINE
GRAPHITE FIBERS ARE BEING MADE IN LARGE QUANTITIES, THESE FIBERS TOO
WILL BE INCORPJRATED INTO COMPOSITES POR STUDY. THE OBJECTIVES OF
THE PROGRAM ARE: '0 TO DETERMINE WHICH OF SEVERAL FABRICATION
METHODS WILL PERMIT SUCCESSFUL PRODUCTION OF CARBON BASE
FIBER-ALUMINUM ALLOY MATRIX COMPOSITES. 20 TO EVALUATE BY TEST AND
METALLOGRAPHIC EXAMINATION THE QUALITY OF THE COMPOSITES.
RTOP NO. 114-03-24 TITLE: BEARINGS, SEALS AND LUBRICANTS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: JOHNSON, R. L. TEL. 216-433-4000
TECHNICAL SUMMARY
BASIC MATERIALS AND LUBRICANTS STUDIES AS WELL AS EXPERIMENTS
AND ANALYSES WITH ACTUAL COMPONENTS IN VACUUM g CRYOGENIC 6 INERT GAS,
AND LOW VISCOSITY FLUID ENVIRONMENTS WILL BE CONDUCTED. MATERIALS
STUDIES INCLUDE ATOMIC u MOLECULAR AND CRYSTALLINE AND SURFACE PHYSICS
AND CHEMISTRY CONSIDERATIONS. THE POTENTIALS OF SELF-LUBRICATING
MATERIALS AND FILM DEPOSITION METHODS ARE BEING EXPLORED.
EXPERIMENTS AND ANALYSES OF PROMISING TYPES OF FLUID FILM BEARINGS
AND SEALS FOR GAS AND LOW VISCOSITY LIQUID APPLICATIONS ARE UNDERWAY.
SEAL CONCEPTS INCLUDE THOSE WITH SELF-ACTING AND EXTERNALLY
PRESSURIZED FILM GENERATION AND SELF-PUMPING VISCOSEALS~ PROMISING
MATERIALS FROM VACUUM STUDIES WILL BE USED FOR HUMAN HIP PROSTHESIS
STUDIES ANn POSSIBLE IMPLANTS. RHEOLOGICAL PROPERTIES OF LUBRICATING
FLUIDS WILL BE STUDIED AT HIGH PRESSURES (BOTH STEADY AND TRANSIENT)
AND RELATED TO CONCENTRATED CONTACT.
RTOP NO. 114-03~25 TITLE: EXTRATERRESTRIAL MATERIALS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: MILLERe Ee R. TEL. 205-453-3103
TECHNICAL SUMMARY
A STUDY OF THE BASIC MODES OF HEAT TRANSFER IN PARTICULATE
MATERIALS WILL BE MADE. THE PROPERTIES OF THE LUNAR SURFACE MATERIAL
AS REPORTED BY THE PRINCIPAL INVESTIGATORS OF THE APOLLO PROGRAM WILL
BE COMPARED TO PROPERTIES OF THE SIMULATED LUNAR STUDIES CONDUCTED IN
THE LABORATORY. PHYSICAL PROPERTIES AND ENGINEERING BEHAVIOR OF
MATERIALS UNDER VARIOUS SIMULATED LUNAR AND PLANETARY ENVIRONMENTAL
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CONDITIONS WILL BE INVESTIGATED. THESE INVESTIGATIONS ARE NEEDED IN
ORDER TO DEVELOP AND BUILD SKILL IN INTERPRETATION OF FINDINGS,
KNOWLEDGE OF THE UNKNOWN v AND 11 MODE OF OPERATION AS RELATED TO
EXTRATERRESTRIAL SOURCE MATERIALS.
RTOP NO. 114-03-30 TITLE: SPACE SHUTTLE: ENVIRONMENTAL TESTING OF
THERMAL-PROTECTION MATERIALS
ORGANIZATION: !\. MES RESEARCH CENTER·
MONITOR: GOODWIN, G. TELa 415-961-2265
TECHNICAL SUMMARY
THIS PROGRAM WILL ENCOMPASS A NUMBER OF WORK AREAS DEALING WITH
THE EFFECTS OF THE ENTRY ENVIRONMENT ON CANDIDATE THERMAL-PROTECTION
AND SKIN MATERIALS FOR SPACE SHUTTLE. WITH A COMMON GOAL OF
EVALUATING THE OXIDATION SUSCEPTIBILITY AND RESULTING EFFECT ON THE
MECHANICAL AND OPTICAL PROPERTIES OF THESE MATERIALS. OXIDATION
EXPERIMENTS WILL BE RUN IN HIGH-TEMPERATURE ENVIRONMENTAL CHAMBERS
WITH ATOMIC OXYGEN GENERATORS TO PROVIDE REACTIVE SPECIES APPROPRIATE
FOR SHUTTLE THERMAL-ENVIRONMENT CONDITIONS. MECHANICAL PROPERTY
EXPERIMENTS WILL BE RUN WHICH INCORPORATE ENVIRONMENTAL SIMULATION F
TENSILE TESTS, AND APPROPRIATE METALLURGICAL 6 CHEMICAL AND PHYSICAL
PROPERTY MEASUREMENTS.
RTOP NO. 114-03-30
ORGANIZATION: LEWIS
MONITOR: HALL,
TECHNICAL SUMMARY
THIS PROGRAM INVOLVES CONTINUED DEVELOPMENT OF METALLIC
MATERIALS FOR POSSIBLE USE IN THE HIGH TEMPERATURE REGIONS OF HEAT
SHIELDS FOR SPACE SHUTTLE VEHICLES. THE PROGRAM INCLUDES THE
DEVELOPMENT OF BOTH DISPERSION STRENGTHENED NICKEL-CHROMIUM ALLOYS
(NI-CR-THO) AND COATED REFRACTORY METALS (COLUMBIUM AND TANTALUM
ALLOYS). THE MAJOR OBJECTIVES OF THE PROGRAM ARE: 1. TO COMPLETE
THE DEVELOPMENT AND SCALE-UP OF FABRICATION PROCESSES FOR AN ADVANCED
NI-CR-THO ALLOY. 2. TO COMPLETE THE DEVELOPMENT OF RELIABLE FORMING
AND JOINING PR~CESSES FOR NI-eR-THO ALLOYS. 3. TO CONTINUE
DEVELOPMENT OF IMPROVED OXIDATION~RESISTANT COATINGS AND PRODUCTION
PROCESSES FOR BOTH COLUMBIUM AND TANTALUM ALLOY HEAT SHIELDS.
RTOP NO~ 114-03-32 TITLE: BEARINGS u LUBRICANTS, AND SEALS FOR SPACE
SHUTTLE
ORGANIZATION: ~EO. C. MARSHALL SPACE FLIGHT CENTER!
MONITOR: DEMOREST, K. E. TELa 205-453-3536
TECHNICAL SUMMARY
THE 0 EJECTI VE 0 F THIS PLA N IS TO PROVIDE SOLUTIO NS TO THE
PROBLEMS OF LUBRICATING BEARING SYSTEMS AND OTHER COMPONENTS FOR LONG
LIFETIMES IN THE VARIETY OF ENVIRONMENTS WHICH WILL BE ENCOUNTERED BY
SHUTTLE SPACECRAFT. EARLY ORBITAL FLIGHTS OF BOTH SATELLITES AND
MANNED SPACECRAFT HAVE HAD LUBRICATION SYSTEMS.THAT WERE EITHER
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COMPLETELY SEALED OR THAT HAD RELATIVELY SHORT LIFE REQUIREMENTS.
EVEN SUCH SPACECRAFT AS THE APOLLO TELESCOPE MOUNT AND THE ORBITAL
WORKSHOP HAVE LIMITED LIFE REQUIREMENTS WHICH ARE WITHIN THE PRESENT
STATE-OF-THE-ART. IT IS INTENDED TO ACCOMPLISH THE ABOVE OBJECTIVE
BY THE CONTINUED DEVELOPMENT OF FLUID AND DRY LUBRICANTS AND BY THE
DEVELOPMENT OF SPECIAL DESIGNS FOR SLIDING AND ROLLING ELEMENTS WHICH
WILL MEET THE LIFE AND ENVIRONMENTAL REQUIREMENTS POSED BY THESE
ADVANCED SYSTEMS.
RTOP NO. 114-03-32 TITLE: SHUTTLE LUBRICATION, BEARINGS AND SEALS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: JOHNSON, R. L. TEL. 216-433-4000
TECHNICAL SUMMARY
MATERIALS AND LUBRICANTS SELECTION, DEVELOPMENT, DESIGN§ THEORY,
ANALYSIS AND EXPERIMENTATION OF BEARINGS AND SEALS WILL BE PERFORMED
UNDER EXTREME CONDITIONS ASSOCIATED WITH (A) ENGINE AND CB) VEHICLE
COMPONENTS SUBJECT TO LUBRICATION, FRICTION, WEAR AND HYDRAULICS
PROBLEMS. COMPJNENTS MUST FUNCTION IN CRYOGENICS, AFTER EXPOSURE TO
VACUUM, AND IN AIR AT EXTREME TEMPERATURES. ROLLING ELEMENT BEARINGS
AND FACE TYPE SEALS FOR HYDROGEN PUMPS OF SHUTTLE ENGINES WILL BE
OPERATED UNDER CONDITIONS SIMULATING PROBLEM AREAS. VEHICLE FRAME
CONTROL BEARINGS g HYDRAULIC FLUIDS, AND SEALS FOR ACTUATION SYSTEMS
OF FLIGHT CONTROL SURFACES WILL BE STUDIED. MINIMUM WEIGHT,
EFFICIENCY AND EXTENDED LIFE ARE ESSENTIAL.
RTOP NO. 114-03-33 TITLE: STRUCTURAL COMPOSITE MATERIALS FOR SPACE
SHUTTLE
ORGANIZATION: GEO. C. MARSHALL SPACE FLIGHT CENTER
MONITOR: LAIACONA, F. P. TEL. 205-453-5516
TECHNICAL SUMMARY
THE OBJECT OF THIS PROGRAM IS TO DEVELOP TECHNIQUES FOR
FABRICATING FIBER REINFORCED ALUMINUM COMPOSITES INTO STRUCTURAL
SHAPES (TUBES, I-BEAMS, HAT SECTIONS, "Til-SECTIONS, Z SECTIONS, ETC.)
BY MEANS OF A CONTINUOUS PROCESS. THE PRIMARY OBJECTIVE IS THE
REDUCTION OF METALLIC COMPOSITE FABRICATION COSTS AS WELL AS
DEVELOPING A MORE RELIABLE AND DESIRABLE METHOD OF FABRICATING
METALLIC COMPOSITE COMPONENTS. THE APPROACH WILL BE TO EVALUATE
PROCESSES FOR PRODUCING BORON-ALUMINUM COMPOSITES WHICH APPEAR
ADAPTABLE FOR USE IN A CONTINUOUS PROCESS. NECESSARY PROCESSING
PROCEDURES WILL BE INVESTIGATED AND TECHNIQUES DEVELOPED FOR
PRODUCING A VARIETY OF STRUCTURAL SHAPES. A MECHANICAL EVALUATION
WILL BE MADE OF THE DEVELOPED COMPOSITES SO THAT FINAL FABRICATING
TECHNIQUES CAN BE ESTABLISHED AND EXPECTED MECHANICAL PROPERTIES OF
THE VARIOUS STRUCTURAL SHAPES CAN BE DEVELOPED. THE TECHNIQUES
DEVELOPED SHALL ALSO BE INVESTIGATED FOR APPLICATION TO OTHER TYPE OF
FIBER REINFORCED ALUMINUM COMPOSITES.
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RTOP NO. 114-03-33 TITLE: STRUCTURAL COMPOSITE MATERIALS FOR SPACE
SHUTTLE
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: HALL, Ra W. TEL. 216-433-4000
TECHNICAL SUMMARY
THE PRINCIPAL OBJECTIVE IS TO ESTABLISH THE CHARACTERISTICS OF
AND TO OBTAIN DESIGN INFORMATION FOR CERTAIN ADVANCED FIBER/pOLYMER
MATRIX SYSTEMS THAT ARE APPLICABLE TO SPACE SHUTTLE STRUCTURES. THE
HIGH STRENGTH TO WEIGHT RATIOS AND THE HIGH MODULUS TO WEIGHT RATIOS
OF THESE SYSTEMS OFFER CONSIDERABLE PROMISE FOR REDUCING THE
STRUCTURAL WEIGHT OF THE SHUTTLE SYSTEM AND THUS INCREASING THE
PAYLOAD. A NE~ HIGH STRENGTH, HIGH MODULUS ORGANIC FIBER WILL BE
FURTHER INVESTIGATED AS A FILAMENT WINDING MATERIAL IN ADDITION TO A
POLYIMIDE/GLASS FIBER SYSTEM FOR INCREASED TEMPERATURE CAPABILITY.
IN ADDITION, ADHESIVE SYSTEMS WILL BE INVESTIGATED TO PROVIDE BETTER
BOND STRENGTH JVER A WIDER TEMPERATURE RANGE.
RTOP NO. 114-03-34 TITLE: DESIGN PROPERTIES OF MATERIALS
(EVALUATION OF SOFTGOODS)
ORGANIZATION: ;EO. C. MARSHALL SPACE FLIGHT CENTERi
MONITOR: WOOD, T8 E. TEL. 205-453-1231
TECHNICAL SUMMARY
TO STUDY THE PERFORMANCE OF RUBBER SOFT GOODS WHICH MUST BE USED
FOR SEALS, BLADDERS, O-RINGS, DIAPHRAGMS, GASKETS, ADHESIVES, AND
RELATED APPLICATIONS AS EFFECTED BY EXTREME CYCLIC VARIATIONS IN THE
SHUTTLE VEHICLE FLIGHT ENVIRONMENT, COUPLED WITH THE REUSABILITY,
RELIABILITY AND QUICK TURN-AROUND REQUIREMENTS. IT IS PROPOSED TO
EXPOSE CANDIDAfE RUBBER MATERIALS IN BOTH TYPICAL END-USE
CONFIGURATIONS AND STANDARD TEST CONFIGURATIONS TO CYCLIC THERMAL AND
PRESSURE ENVIRJNMENTS COMPARABLE TO ANTICIPATED SHUTTLE ENVIRONMENTS
AND MONITOR SUCHPARAMETERS AS COMPRESSION SET, STRESS RELAXATION,
AGING BEHAVIOR, EMBRITTLEMENT, STRENGTH CHANGES q HARDNESS~ AND OTHER
ATTRIBUTES WHICH DICTATED THE SELECTION AND SUITABILITY OF THE
MATERIALS FOR THE GIVEN APPLICATION.
RTOP NO. 114-03-35 TITLE: MATERIALS ENVIRONMENTAL COMPATIBILITY FOR
SPACE SHUTTLE
ORGANIZATION: SEO. C. MARSHALL SPACE FLIGHT CENTER!
MONITOR: :ATALDO, C. E. TEL~ 205-453-1278
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS STUDY IS TO DETERMINE THE EFFECTS OF
VARIOUS ENVIRONMENTS ANTICIPATED DURING FABRICATION, STORAGE AND
FLIGHT OF THE SHUTTLE ON STRUCTURAL MATERIALS, BOTH WITH RESPECT TO
SHORT TERM EFFECTS AND LONG LIFE EFFECTS. WHILE ALL ANTICIPATED
ENVIRONMENTS CANNOT BE INVESTIGATED UNDER THE SCOPE OF THIS PROGRAM,
SEVERAL SPECIFIC STUDIES ARE TO BE MADE WHEREIN MATERIALS PROBLEMS
HAVE BEEN IDENTIFIED. THE STUDIES COVERED UNDER THIS RTOP INCLUDE THE
EFFECTS OF HIGH PRESSURE GASEOUS HYDROGEN ON MATERIALS, THE
FLAMMABILITY CHARACTERISTICS OF MATERIALS IN OXYGEN, CORROSION
SUSCEPTIBILITY AND OUTGASSING CHARACTERISTICS OF NON-METALLIC
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MATERIALS. THREE STUDIES ALREADY UNDERWAY WILL BE CONTINUED WITH
DIFFERENT EMPHASIS AND ONE ADDITIONAL TASK WILL BE IMPLEMENTED.
RTOP NO. 114-03-36 TITLE: SPACE SHUTTLE: EXTERNAL INSULATION
ORGANIZATION: hMES RESEARCH CENTER
MONITOR: GOODWIN r G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROJECT IS TO DETERMINE: (1) THE MATERIAL
PROPERTY CHANGES OF THE INGREDIENTS OF THIS CLASS OF MATERIALS AS
THEY ARE PROCESSED AND SUBSEQUENTLY EXPOSED TO THE SHUTTLE ASCENT AND
ENTRY ENVIRONMENT~ AND (2) HOW THESE CHANGES RELATE TO THE THERMAL
PERFORMANCE AND RELIABILITY OF THIS CLASS OF THERMAL PROTECTION
.SYSTEMS. SILICA, MULLITE AND ZIRCONIA SYSTEMS WILL BE STUDIED IN
THEIR CURRENT STATUS TO PROVIDE A BASELINE FOR ASSESSING THE EFFECTS
OF FUTURE IM~R~VEMENTS ON THEIR PERFORMANCE AND RELIABILITY. THIS
WILL BE ACCOMPLISHED BY ASSESSING THE CHEMICAL AND MORPHOLOGICAL
STATES. OF THE MATERIAL INGREDIENTS BEFORE AND AFTER PROCESSING INTO
THE INSULATION ITSELF. THE COATING WILL LIKEWISE BE STUDIED. AFTER
CYCLIC EXPOSURE TO SIMULATED ENTRY ENVIRONMENTS~ CHANGES IN THE
MATERIALS WILL BE ASSESSED, RELATED TO THE THERMAL AND MECHANICAL
PERFORMANCE Of' THE MATERIALS AND RECOMMENDATIONS WILL BE MADE FOR
IMPROVING THE MATERIAL COMPOSITION~ PROCESSING AND COATING TO ACHIEVE
HIGHER PERFORMANCE AND GREATER RELIABILITY.
RTOP NO~ 114-03-36 TITLE: EXTERNAL INSULATIONS FOR SHUTTLE
ORGANIZATION: GEO. C. MARSHALL SPACE FLIGHT CENTER
MONITOR: KING, H. M. TEL. 205-453-1227
TECHNICAL SUMMARY
THE OBJECTIVE IS TO EVALUATE THE PERFORMANCE OF REUSABLE SURFACE
INSULATION (RSI) MATERIALS UNDER THERMAL AND DYNAMIC LOADS SIMULATING
THE FLIGHT ENVIRONMENTS TO WHICH THE SHUTTLE BOOSTER IS EXPOSED IN
ORDER TO ASSESS THE RELIABILITY OF THIS TYPE OF THERMAL PROTECTION
SYSTEM FOR THIS APPLICATION, TO IDENTIFY OPTIMUM MATERIAL PROPERTIES;
AND TO DEMONSTRATE ADEQUATE CYCLE LIFE FOR MULTI-FLIGHT REUSE WITH
MINIMUM REFURBISHMENT. THE PERFORMANCE OF SEVERAL CURRENTLY
AVAILABLE RSI MATERIALS WILL BE EVALUATED IN SUB-SCALE AND FULL SCALE
PANEL CONFIGURATIONS USING BOOSTER PANEL DESIGNS AND SIMULATED
BOOSTER ENVIRONMENTS. THE SUBSTRATE PANELS WILL BE OBTAINED FROM
MARTIN-MARIETTA CORPORATION (MMC) IN THE SHUTTLE PHASE B BASELINE
CONFIGURATION ~ND MATERIALS. THE RSI MATERIALS WILL BE OBTAINED FROM
MSC AS A PORTIJN OF THE MATERIALS DELIVERABLE ON THEIR CONTRACTED
DEVELOPMENT EFFORTS. AS IMPROVED RSI MATERIALS BECOME AVAILABLE FROM
NASA IN-HOUSE OR SPONSORED CONTRACTUAL PROGRAM, ADDITIONAL MATERIALS
WILL BE OBTAINED TO VERIFY IMPROVED MATERIAL RESPONSE TO BOOSTER
ENVIRONME~TS. PARTICULAR EMPHASIS WILL BE PLACED ON THE EVALUATION
OF REINFORCED aSI MATERIALS AS DEVELOPED UNDER EARLY WORK.
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TEMPERATURE ADHESIVES
CENTER .
TEL. 713-483-5539
TITLE: EXTERNAL INSULATION FOR SHUTTLE
RESEARCH CENTER'
R. W. TELe 216-433-4000
RTOP NOG 114-03-36 TITLE: HIGH
ORGANIZATION: MANNED SPACECRAFT
MONITOR: SPIKER, T. K.
TECHNICAL SUMMARY
RESEARCH IS REQUIRED TO: PROVIDE AN ADHESIVE SYSTEM THAT WILL
PERFORM IN THE 600 DEG TO 700 DEG F RANGE; IS STRAIN~COMPATIBLE WITH
SURFACE INSULArION UNDER THERMAL AND MECHANICAL CYCLING; HAVE MINIMUM
DENSITY: AND HAVE REUSE CAPABILITY FOR 100 SHUTTLE MISSIONSo THIS
WORK SHOULD IN:LUDE STRUCTURAL ADHESIVES AND COMPOSITE RESINS, AND
FLEXIBLE ADHESIVES SUCH AS THE SILICONE RUBBER SEALANTSo
RTOP NO. 114-03-36
ORGANIZATION: LEWIS
MONITOR: HALL,
TECHNICAL SUMMARY
THIS RESEARCH AND DEVELOPMENT EFFORT IS RELATED TO THE GENERAL
CLASS OF MATERIALS THAT MIGHT BE USED IN THE REUSABLE SURFACE
INSULATION (RSI) CONCEPT FOR THE SHUTTLE THERMAL PROTECTION SYSTEM~
THE OBJECTIVES OF THI S WORK MAY BE BRIEFLY SUMr1AR IZED AS FOLLOWS: 1}
TO FULLY CHARA:TERIZE THE RSI MATERIALS; 2) TO IMPROVE THE MECHANICAL
BEHAVIOR OF RSI BODIES; 3) TO IMPROVE THE SURFACE CHARACTER OF RSI
BODIES; 4) TO )PTIMIZE CURRENTLY USED FIBERS AND TO SEEK NEW AND
IMPROVED FIBER COMPOSITIONS. THE FIRST THREE OBJECTIVES WILL BE
PURSUED BY OBTAINING CURRENTLY USED RSI MATERIALS FROM NASA
CONTRACTORS FOR IN-HOUSE STUDIESo MATERIAL CHARACTERIZATION WILL BE
MADE AT ALL ST~GES OF PROCESSING. IMPROVEMENTS IN MECHANICAL
PROPERTIES AND SURFACE CHARACTERISTICS WILL BE SOUGHT BY THE
INTRODUCTION OF OTHER SELECTED MATERIALS INTENDED TO BRING ABOUT THE
DESIRED IMPROVEMENTSo THESE MATERIALS WILL BE COMPATIBLE WITH, BUT
COMPLETELY INDEPENDENT OF, THE FABRICATION PROCESSING STEPS~
OPTIMIZED AND IMPROVED FIBERS WILL BE SOUGHT BY CONTRACTUAL EFFORTS~
RTOP NO. 114-03-36 TITLE: EXTERNAL I'SULATIONS FOR SHUTTLE
ORGANIZATION: LANGLEY RESEARCH CENTER'
MONITOR: BROOKS, G. Wo TEL~ 703-827-2042
TECHNICAL SUMMARY
THE PROPERTIES OF CERAMIC MATERIALS WILL BE EVALUATED TO
ESTABLISH THEIR SUITABILITY FOR USE AS SURFACE INSULATION THERMAL
PROTECTION SYSTEMS. METHODS FOR IMPROVING THE THERMAL AND MECHANICAL
PROPERTIES OF :URRENT LOW-DENSITY MATERIALS WILL BE INVESTIGATED.
LOW-DENSITY RIGIDIZED FIBROUS MATERIALS SUCH AS SILICA, MULLITE,
ZIRCONIA, AND ~LUMINA WILL BE SUBJECTED TO CYCLIC HEATING. THERMAL
AND MECHANICAL STABILITY WILL BE DETERMINED THROUGH MECHANICAL TESTS
AND MICROSCOPIC EXAMINATION. IMPROVEMENTS IN PROPERTIES WILL BE
PURSUED BY VARYING PROCESSING METHODS AND MATERIALS. COATINGS
REQUIRED TO SEAL FIBROUS MATERIALS AGAINST EXCESSIVE MOISTURE
ABSORPTION AND TO PROVIDE SUITABLE SURFACE EMITTANCE PROPERTIES WILL
BE EVALUATED I~ COMBINATION WITH THE VARIOUS FIBER SYSTEMSe THE
THERMO-CHEMICAL INTERACTION OF COATINGS WITH FIBERS WILL BE STUDIED.
THE STRUCTURAL BEHAVIOR OF THE COATING, FIBER, SUBSTRATE SYSTEM WILL
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BE STUDIED ANALYTICALLY AND THROUGH STRUCTURAL TESTS OF
REPRESENTATIVE PANELS.
RTOP NO. 1'4-03~31 TITLE: ADVANCED INSPECTION AND REPAIR TECHNIQUES
ORGANIZATION: GEO. C. MARSHALL SPACE FLIGHT CENTER
MONITOR: CATALDO, C. E. TEL. 205-453-1218
TECHNICAL SUMMARY
THE OBJECTIVE IS TO ESTABLISH THE RE-USABILITY OF THERMAL
PROTECTIONSYSTEM MATERIALS, INVESTIGATE METHODS OF INSPECTION OF SUCH
SYSTEMS, AND SrUDY METHODS OF REPAIR OF VARIOUS TYPES OF DEFECTS. A
STUDY TO GAIN KNOWLEDGE OF MATERIALS DEGRADATION PHENOMENA UNDER LOW
AND HIGH MASS FLOW CONDITIONS RELATIVE TO THE EFFECTS OF FLAWS WILL
BE MADE. STUDIES WILL BE MADE OF THE EFFECTS OF SUCH DEGRADATION UPON
THE STRUCTURAL OR FUNCTIONAL RELIABILITY OF THE COMPONENT OR SYSTEM.
PERTINENT NDE EVALUATION WILL BE DEVELOPED FOR MONITORING AND
EVALUATING THE INTEGRITY OF MATERIALS AND STRUCTURES, BOTH DURING
GROUND TURN-AROUND AND WHERE FEASIBLE, ON-BOARD THE VEHICLE. MAJOR
EMPHASIS WILL BE GIVEN TO THE TPS AND TO THE CRYOGENIC SYSTEM. IN
THE PROPOSED SrUDY TWO SEPARATE TASKS WILL BE INCLUDED.
RTOP NO. 11Q-03-37 TITLE: SPACE SHUTTLE: NONDESTRUCTIVE EVALUATION
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN g GLEN TEL. 415-961-2265
TECHNICAL SUMMARY
EXISTING MICROWAVE CRACK-DETECTION TECHNOLOGY WILL BE USED TO
DEVELOP DESIGN CRITERIA FOR CRACK-DETECTION SYSTEMS APPROPRIATE TO
HIGH-SPEED NONDESTRUCTIVE EVALUATION OF SHUTTLE VEHICLES. IN THIS
TECHNOLOGY, METAL SURFACES ARE EXAMINED FOR FLAWS BY USING MICROWAVES
AS THE SCANNING MEDIUM. THE METAL SURFACE BEING EXAMINED ACTS AS A
PARTIALLY REFLECTING PLANE TO INCIDENT MICROWAVE ENERGY AND,
THEREFORE, HAS A CHARACTERISTIC REFLECTING SIGNATURE. WHEN THE
MICROWAVE SIGNAL ENCOUNTERS A FLAW OR CRACK ON THE METAL SURFACE, THE
SIGNAL IS DISTJRTED OR CHANGED AND THIS CHANGE CAN BE USED AS AN
INDICATION OF rHE EXISTENCE OF AND, WITH PROPER CALIBRATION, THE SIZE
OF THE FLAW OR CRACK. MICROWAVE CRACK-DETECTORS ARE NON-CONTACTING
AND CAN BE USED TO LOCATE FLAWS BENEATH OR HIDDEN BY NON-METALLIC
PAINTS AND FILMS. TESTS WILL BE CONDUCTED TO ADAPT EXISTING
TECHNOLOGY TO PROPOSED SPACE SHUTTLE SKIN AND STRUCTURE
CONFIGURATIONS AND TO OBTAIN HIGH-SPEED NONDESTRUCTIVE EVALUATION
CAPABILITY NECESSARY TO SPACE SHUTTLE MISSIONS.
RTOP NO. 114-03-45 TITLE: METEORS AND METEOROIDS
ORGANIZATION: LANGLEY RESEARCH CENTER - _
MONITOR: NELSON, C. H. TEL. 703-8_7-2893
TECHNICAL SUMMARY
TO DETERMINE THE NATURE OF METEOROIDS IN SPACE FROM GROUND-BASED
RADAR AND OPTICAL MEASUREMENT$. TO STUDY THE EFFECTS OF IONIZATION,
DIFFUSION, RECJMBINATION, LUMINOSITY AND FRAGMENTATION (THE CRITICAL
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PHYSICAL PROCESSES) ON THE MEASUREMENT BIAS OF METEORSc DEFINE THE
METEORIC PROCESSES SUFFICIENTLY TO REDUCE BASIC UNCERTAINTIES IN THE
FLUX, MASS, CO~POSITION, DENSITY AND ABLATION OF METEOROIDS THAT
INTERCEPT THE EARTHfS ATMOSPHERE. INVESTIGATE THE ORBITAL
DISTRIBUTION, ORIGIN, AND ECOLOGY OF METEOROIDS IN SPACE. THE VAST
QUANTITIES OF UNREDUCED RADAR AND OPTICAL METEOR DATA WHICH HAVE BEEN
GATHERED BY SAO OVER THE PAST DECADE WILL,BE REDUCED AND
STATISTICALLY !NALYZED. PARTICULAR ATTENTION WILL BE DIRECTED TO
ANALYSIS OF MErEORS WHICH HAVE BEEN OBSERVED SIMULTANEOUSLY BY RADAR
AND OPTICAL TECHNIQUESc DATA REPORTS WILL BE PREPARED TO MAKE THE
DATA AVAILABLE TO ANYONE INTERESTED IN METEOR ANALYSIS. THEORETICAL
STUDIES OF METEOR PHENOMENA WILL BE PERFORMED TO AID ANALYSIS OF THE
METEOR DATA.
RTOP NO c 114-03-45 TITLE: METEORS AND METEOROIDS
ORGANIZATION: AMES RESEARCH CENTER:
MONITOR: GOODWIN, G. TELc 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP THE UNDERSTANDING OF
HYPERVELOCITY IMPACT REQUIRED TO DESIGN FUTURE SPACECRAFT HAVING
ADEQUATE METEOROID PROTECTION. EFFECTS OF MATERIAL, PROJECTILE
DENSITY, SIZE, AND SHAPE, AND PROJECTILE VELOCITY ON PENETRATION AND
CRATERING PHENJMENA WILL BE STUDIED EXPERIMENTALLY AND ANALYTICALLY.
IMPROVEMENTS IN LAUNCHER PERFORMANCE RESULTING FROM HIGH-EXPLOSIVE
DRIVER DEVELOPMENT CARRIED OUT UNDER RTOP 114-03-46 WILL BE EXPLOITED
TO THE ~AXIMUM POSSIBLE EXTENT. RESULTS OF THIS WORK WILL BE NEEDED
FOR THE DESIGN OF METEOROID BUMPERS FOR LONG-LIVED SPACECRAFT AND
PARTICULARLY FOR SPACECRAFT TRAVERSING THE ASTROID BELT.
RTOP NO. 114-03-46 TITLE: METEOROIDS (SPACE STATION)
ORGA~IZATION: AMES RESEARCH CENTER'
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
STUDIES AI~ED AT MAXIMIZING THE EFFECTIVENESS OF MULTIPLE-WALL
STRUCTURES IN PROVIDING METEOROID PROTECTION OF SPACE STATION/SPACE
BASE ARE IN PRJGRESS. STRESS CONCENTRATIONS IN PANELS, RESULTI~G
FROM PARTIAL-PENETRATION IMPACTS, ARE BEING STUDIED TO DETERMINE THE
DEGRADATION IN STRUCTURAL INTEGRITY AND EPFICIENCY, AND THE
IMPLICATIONS WITH RESPECT TO DESIGN CRITERIA. HIGH-EXPLOSIVE DRIVER
TECHNIQUES ARE _BEING DEVELOPED FOR ACCELERATING LABORATORY
PROJECTILES TO METEORIC SPEEDS. THE OVERALL OBJECTIVE IS TO DEVELOP
COMPREHENSIVE DESIGN CRITERIA WHICH CAN BE USED BOTH TO DESIGN
IMPACT-RESISTANT STRUCTURES FOR PROTECTION OF THE SPACE STATION/BASE,
AND TO ASSESS rHE LONG-TERM PERFORMANCE OF IMPACTED STRUCTURAL
ELEMENTS.
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RTOP NO. 114-03-46 TITLE: METEOROIDS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CLIFTON v K. S. TEL. 205-453-0943
TECHNICAL SUMMARY
CA} LOW LIGHT LEVEL TELEVISION SYSTEMS WILL BE USED IN
GROUND-BASED OBSERVATIONS OF METEORS IN ORDER TO DEFINE THE MASS
DISTRIBUTION _JF THE NEAR-EARTH METEOROID ENVIRONMENT. SPECIFICALLY,
DATA WILL BE RECORDED TO DETERMINE THE SLOPE OF THE MASS-FLUX CURVE
IN THE MASS RANGE BETWEEN THAT DEFINED PHOTOGRAPHICALLY AND THAT
MEASURED BY THE PEGASUS SATELLITES q A REGION OF CRITICAL IMPORTANCE
TO LONG-TERM ORBITING SPACECRAFT. IN ADDITION, THE TEMPORAL AND
OTHER VARIATIONS IN METEOR INFLUX RATES WILL ALSO BE INVESTIGATED.
WITH THE USE OF VIDEO PROCESSORS, FILTERS, AND SPECTRAL GRATINGS
METEOR PARAMETERS SUCH AS LUMINOSITY, COLOR, AND SPECTRA WILL ALSO BE
EXAMINED. FURTHERMORE, TWO STATION OBSERVATIONS CAN ALLOW THE
CALCULATION OF METEOR HEIGHTS, VELOCITIES, AND ORBITAL PARAMETERS.
(B) THE METEOROID SIMULATION PROGRAM IS CONDUCTED USING LIGHT GAS
AND PLASMA ACCELERATORS. AT THE PRESENT TIME THEY ARE UTILIZED IN
SUPPOR'r OF r'OUR OBJECTIVES~ (1) TO _VERIFY AND SUPPORT AN ACCURATE
THEORETICAL MOD EL OF THE HYPERVELOCITY IMPACT PHENOMENA. (2) TO
DEPINE DAMAGE TO SUCH STRUCTURES AS SKYLIB BUMPER AND HULL, MDA
INSTRUMENTATION CABLES, PROPOSED LUNAR TUG FUEL TANKS, SOLAR CELLS,
III PANELS!? ETC.... FROM HYPERVELOCrfY IMPACT. (3) TO SIMULATE NETEOR
PHENOMENA IN SUPPORT OF' THE GROUND-BASED WORK. (4) INCREASE THE
ACCELERATION VELOCITY OF PROJECTILES.
RTOP NO. 114-03-47 TITLE: ASTEROID/METEOROID ENVIRONMENT
MEASUREMENTS IN SPACE
ORGANIZATION: ~MES RESEARCH CENTER _
MONITOR: FOSTER, J. V. TEL~ 415-961-2267
TECHNICAL SUMMARY
EXPERIMENTS ARE BEING DEVELOPED FOR THE PIONEER F/G JUPITER
MISSIONS TO DErERMINE THE METEOROID AND ASTEROID ENVIRONMENT IN THE
REGION BETWEEN EARTH AND JUPITER AND TO PROVIDE REQUIRED DATA ON THE
METEOROID AND ASTEROID HAZARD FOR THE PROPER ENGINEERING DESIGN OF
SPACE VEHICLES ON LONG DURATION FLIGHTS TO THE OUTER PLANETS. ONE
EXPERIMENT UTILIZES A REFLECTED LIGHT TECHNIQUE~ AND HAS THE
POTENTIAL OF YIELDING DATA ON SPEED u DIRECTION (HENCE q PARTICLE
ORBITS) F AND PARTICLE SIZE OVER THE RANGE OF PARTICLE MASSES FROM 10
TO THE MINUS 8rH POWER _TO .001 GRAMS4 A COMPLEMENTARY EXPERIMENT
EMPLOYS THE PRESSURIZED CELL TECHNIQUE USED ON EXPLORERS 13~ 16 r AND
23 AND ON THE LUNAR ORBITERS .. AND IS RESPONSIVE TO PARTICLE MASSES ON
THE ORDER OF a0000001 GRAMS.
RTOP NO. 114- 03-5 0 TITLE: SPACE THER MAL CONTROL DEVELOPI1ENT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: RICHARD y B. E. TEL. 205-453-3090
TECHNICAL SUMMARY
THE FIELD JF THERMAL CONTROL OF SPACECRAFT IS BROAD AND INCLUDES
SUCH AREAS AS COATINGS y HEAT PIPES, FUSIBLE MATERIALS, FLUID LOOPS
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AND RADIATING FINS. THIS RTOP IS DIRECTED PRIMARILY AT THERMAL
CONTROL BY FUSIBLE MATERIALS. SPECTRAL REFLECTANCE AND INFRARED
DETECTION _UNDER CRYOGENIC CONDITIONING IS ALSO INCLUDED.
IDENTIFICATION OF NEW FUSIBLE MATERIALS AND THEIR PROPERTIES IS A
CONTINUING EFFJRT IN ORDER TO INCREASE THE RANGE OF TEMPERATURES OVER
WHICH THIS TECHNIQUE CAN BE USED. THE EFFECT OF FILLERS (INTERNAL
FINS~ HONEYCOMBs ETC) s ADDED TO INCREASE THE THERMAL CONDUCTIVITY AND
DIFFUSIVITY OF PHASE CHANGE MATERIALS (PCM) w UPON PCM SYSTEM
OPERATION IS UNDER INVESTIGATION. RESEARCH IN THE AREA OF PCM SYSTEM
PERFORMANCE IN THE SPACE ENVIRONMENT WILL BE CONTINUED. STUDIES OF
CLOSE SPACING IN THE RADIATIVE _TRANSPORT OF ENERGY BETWEEN METAL OR
DIELECTRIC PLATES AT TEMPERATURES APPROACHING THAT OF LIQUID HELIUM
WILL ALSO BE C8NTINUED.
RTOP NO. 114-03-50 TITLE: SPACECRAFT THERMAL CONTROL
ORGANIZATION: A. MES RESEARCH CENTER _ _
MONITOR: FOSTER F J. V. TEL. 415-961-2267
TECHNICAL SUM~ARY
THE OBJECTIVES ARE TO DEVELOP A FONDA MENTAL UNDERSTANDING OF
HEAT PIPE PHENOMENA; TO DEVELOP INTO USEFUL COMPONENTS DIFFERENT
TYPES OF HEAT PIPES q EACH CAPABLE OF PERFORMING A UNIQUE THERMAL
CONTROL FUNCTIJ N; AND TO PROVIDE BASTC HEAT PIPE DESIGN D1TAAND
COMPUTER ROUTI~ESu NOT AVAILABLE FROM OTHER SOURCES q AS DESIGN AIDS
FOR THE THERftAL ENGINEER. TO ACCOMPLISH THESE OBJECTIVES FUNDAMENTAL
STUDIES WILL BE _CONTINUED AND/OR INITIATED TO INVESTIGATE THE
FOLLOWING BASIC HEAT PIPE PHENOMENA~ THE INTERACTION BETWEEN
NON-CONDENSING GAS AND THE WORKING FLUID IN GAS-LOADED PIPES; VAPOR
MODULATION EFFECTS ON PIPE TEMPERATURE; MATERIALS COMPATIBILITY AND
LIFE TESTING~ ARTERIAL DYNAMICS~ TRANSIENT PERFORMANCE; WICK
HYDRODYNAMICS; AND ELECTROHYDRODYNAMIC _WICKING. DEVELOPMENT WILL
CONTINUE ON THE FOLLOWING TYPES OF HEAT PIPES: VARIABLE CONDUCTANCE;
FEEDBACK-CONTRDLLED; ONE-WAY; THERJIllJ.L ACCUMULATOR; AND HIGH
PERFORMANCE/FIXED CONDUCTANCE~ THE AMES HEAT PIPE EXPERIMENT (AHPE)
ON OAO-C AND THE ADVANCED THEBMAL CONTROL FLIGHT _EXPERIMENT (ATFE)
ON ATS-P ~ILL BE CONDUCTED~ SUPPORT WILL BE GIVEN GSFC FOR THE
DEVELOPMENT QF HIGH PERFORMANCE/FIXED CONDUCTANCE HEAT _PIPES~ MSFC
FOR THE DEVELOPMENT OF LARGE g LONG LIFE HEAT PIPES; JPL _AND MSFC FOR
THE INTEGRATION OF HEAT PIPES WITH ELECTRONIC COMPONENTS; AND MSC IN
THE DEVELOPMENT OF A HEAT PIPE DESIGN HANDBOOK.
RTOP NOG 114-03-50 TITLE: SPACE VEHICLE THERMAL CONTROL
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. We> TEL. 213-354-4530
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE THE TECHNOLOGY NECESSARY TO INSURE
THAT ADEQUATE TEMPERATURE CONTROL OF THE SPACECRAFT PLANNED FOR THE
NEW MISSIONS NOW BEING CONSIDERED CAN BE ACCOMPLISHEDo THESE
MISSIONS, _TRAVELING IN TOWARDS THE SUN u AND OUTWARD AWAY FROM THE
SUN TO THE OUTER PLANETS w POSE SOME NEW AND SEVERE THERMAL PROBLEMS~
MISSION L!FETI~ES ARE BECOMING MUCH LONGER. THE SPACECRAFT ARE
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EXPECTED TO BE OPERATIONALLY MORE FLEXIBLE AND TO PERFORM CLOSER TO
DESIGN LIMITS. THIS IMPLIES THAT ALL SUBSYSTEMS OF THE SPACECRAFT
MUST BE BETTER DEFINED, THE LIMITS OF OPERATION BETTER UNDERSTOOD,
AND INTERACTION S BETWEEN SUBSYSTEMS BETTER UNDERSTOOD. THESE
INCREASING DEMANDS FOR UNDERSTANDING ARE ACCOMPANIED BY TIGHTER
FINANCIAL RESTRICTIONS. THUS, THE THERMAL CONTROL ENGINEER IS FACED
ON THE ONE HAND WITH GREATER DEMANDS FOR KNOWLEDGE AND ON THE OTHER
HAND WITH LESS ABILITY TO OBTAIN THAT KNOWLEDGE. THIS TECHNOLOGY WILL
BE PROVIDED BY A PROGRAM OF RESEARCH IN FOUR BROAD AREAS: (1)
DEFINITION OF rHERMAL CONTROL REQUIREMENTS AND IDENTIFICATION OF
NECESSARY ADVANCES. (2) DEVELOPMENT OF ADVANCED ANALYTICAL AND
DESIGN TECHNIQUES WHICH WILL ALLOW BETTER PREDICTION OF SPACECRAFT
HEAT TRANSFER. (3) DEVELOPMENT OF SELECTED TEMPERATURE CONTROL
DEVICES WHICH GAN BE USED FOR MORE EFFECTIVE SPACECRAFT TEMPERATURE
CONTROL DESIGN. THESE DEVICES WILL TYPICALLY BE AIMED AT CONTROLLING
OR MODIFYING THE FLOW OF HEAT BETWEEN VARIOUS PARTS OF THE
SPACECRAFT, BETWEEN THE SPACECRAFT AND SPACE, OR TO MEASURE SOME
PARTICULAR HEAT TRANSFER PARAMETER. (4) IMPROVEMENTS IN THE
TECHNOLOGY OF MATERIALS SELECTION, UTILIZATION AND PERFORMANCE OF
TEMPERATURE CONTROL INSULATIONS, DEVICES, AND
RTOP NO. 114-03-50 TITLE: SPACE VEHICLE THERMAL CONTROL
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SCHACH, M. TEL. 301~982-5115
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROPOSAL IS TO IMPROVE THE ART OF
SPACECRAFT TEMPERATURE CONTROL BY DEVELOPING HIGHER PERFORMANCE HEAT
PIPES AND STABL E THERMAL CONTROL COATINGS. THE APPROACHES ARE: (1)
TO DEVELOP IMPROVED WICK AND ARTERY DESIGNS, AND (2) TO DEVELOP
STABLE THIN FILM VACUUM DEPOSITED COATINGS.
RTOP NO. 114-03-50 TITLE: SPACE VEHICLE THERMAL CONTROL
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
A COMPREHENSIVE EXPERIMENTAL AND THEORETICAL PROGRAM IS IN
PROGRESS TO DEFINE, STUDY, AND SOLVE ADVANCED TECHNOLOGY PROBLEMS
ASSOCIATED WITH PASSIVE THERMAL CONTROL OF UNMANNED SPACECRAFT. THE
DEVELOPMENT OF FLEXIBLE, SECOND-SURFACE MIRROR COATINGS WILL CONTINUE
WITH EMPHASIS IN THE UTILIZATION OF NEW, EXPERIMENTAL POLYMERIC
MATERIALS. RESEARCH IN ADVANCED THERMAL CONTROL TECHNIQUES (E.G.,
PASSIVE ENCLOSURES, VAPOR CHAMBERS) WILL CONTINUE WITH EMPHASIS ON
APPLICATION OF THESE TECHNIQUES TO A LARGE ORBITING OBSERVATORY.
THIS RESEARCH IS DIRECTED AT PROVIDING THE TECHNOLOGY FOR FUTURE
LONG-LIFE EARTH ORBITAL _AND INTERPLANETARY MISSIONS. THE POLYMERIC
COATING MATERIALS WILL BE EVALUATED TO DETERMINE THE EFFECTS OF
VACUUM, TEMPERATURE, ULTRAVIOLET RADIATION, AND SOLAR WIND PLASMA
RADIATION ON THEIR OPTICAL PROPERTIES. THESE DATA WILL BE UTILIZED
TO PROVIDE SELECTION CRITERIA FOR DEVELOPMENT OF SPACE-STABLE,
TRANSPARENT POLYMERIC FILMS FOR SECOND-SURFACE MIRROR COATINGS.
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SEVERAL DIFFERENT PASSIVE ENCLOSURES FOR THE ORBITING TELESCOPE WILL
BE DESIGNED AND EVALUATED IN A SIMULATED ORBITAL THERMAL ENVIRONMENT.
THESE RESULTS WILL BE USED WITH ANALYTICAL STUDIES TO PROVIDE THE
BASIC DESIGN FOR THERMAL CONTROL OF THE LARGE ORBITING TELESCOPE
STRUCTURE AND PRIMARY MIRROR.
RTOP NO. 114-03-51 TITLE: SPACE STATION - VEHICLE THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER .
MONITOR: GUY, 'We W. TEL. 713-483-2351
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO DEVELOP GENERALIZED
RADIATOR/FLUID SYSTEM THERMAL ANALYSIS TECHNIQUES FOR: (1)
RADIATOR/FLUID SYSTEM THERMAL SCALE MODELING, (2) AUTOMATICALLY
GENERATING AND CORRECTING LARGE THERMAL NETWOR~S, AND (3)
CHARACTERIZATIJN OF ADVANCED ACTIVE THERMAL CONTROL COMPONENTS (I.E.,
HEAT PIPE-RADIATORS, HEAT PIPE-THERMAL TRANSPORT SYSTEMS, ETC. IN
ADDITION, THE FEASIBILITY OF USING HEAT PIPES FOR ADVANCED THERMAL
CONTROL CONCEPTS WILL BE EXPERIMENTALLY DEMONSTRATED. THE APPROACH
WILL EXTEND WORK INITIATED IN FY 1970-71. ANALYTICAL TECHNIQUES WILL
BE FORMULATED INTO COMPUTER PROGRAMS FOR THERMAL SCALE MODELING,
ERROR CORRECTIJN AND CHARACTERIZATION OF THERMAL CONTROL COM~ONENTS.
VALIDATION OF fHESE ANALYTICAL TECHNIQUES WILL BE ACCOMPLISHED WITH
THERMAL-VACUUM TESTING. THE SPACE STATION HEAT PIPE APPLICATIONS
ACTIVITY WILL INVOLVE SOME INITIAL CONCEPTUAL DESIGN OF PROMISING
SYSTEMS, COMPONENT TESTING, AND THERMAL VACUUM TESTING OF A COMPOSITE
SYSTEM WITH MULTIPLE HEAT SOURCES. ANALYTICAL TRADE STUDIES WILL
ALSO BE CONDUCTED TO EVALUATE RELATIVE DIFFERENCES BETWEEN A HEAT
.PIPE APPROACH AND MORE CONVENTIONAL SYSTEMS.
RTOP NO. 114-03-51 TITLE: SPACE STATION THERMAL CONTROL
ORGA.NIZATION: MARSHALL SPACE FLIGHT CENTER \
MONITOR: GATES, D. W. TEL. 205-453-3100
TECHNICAL SUMMARY
AS A CONTINUATION OF vuR WORK IN THE THERMAL CONTROL FIELD, OUR
EFFORTS WILL BE DIRECTED TOWARD SEVERAL METHODS OF IMPROVING NASA'S
CAPABILITIES OF CONTROLLING SPACECRAFT TEMPERATURES. ONE EFFORT WILL
BE DIRECTED TJWARD IMPROVEMENT OF THE WHITE PAINTS AND THEIR
RELIABILITY FOR EXTENDED MISSION REQUIREMENTS. WHILE MAINTAINING THE
0.9 REQUIRED IN THE PRESENT THERMAL DESIGNS FOR SPACE STATION, THE
DELTA A SUB S MUST BE A MINIMUM TO OBTAIN THE REQUIRED TOTAL LIFE OR
THE LEAST EVA REQUIRED TO RESTORE THE THERMAL-CONTROL SURFACES. THIS
IS BEING DONE BY IMPROVING THE BINDERS AND PIGMENTS, AND PROTECTION
OF THE _COATING AFTER APPLICATION, TO ITS EVENTUAL MISSION
REQUIREMENT. INTEGRATION OF EFFICIENT HEAT PIPES INTO ELECTRONIC AND
ELECTROMECHANI:AL HARDWARE IS BEING DEVELOPED FOR THERMAL CONTROL
NECESSARY FOR EXTENDED LIFE OF THESE COMPONENTS. THIS IS NOT BROAD
COVERAGE OF HEAT PIPE APPLICATIONS, ONLY THE SPECIFIC USE.
DEVELOPMENT OF LARGE SCALE THIN FILM SEMICONDUCTORS IS PROPOSED FOR
THERMAL CONTROL DEVICES WITH LONG LIFE AND FLEXIBLE CONTROL OF
SURFACE AND INTERIOR SURFACES. IN ORDER TO PROVIDE NECESSARY BACKUP
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KNOWLEDGE FOR THESE DEVELOPMENT EFFORTS, LABORATORY STUDIES OF
C01TINGS~ HEAT PIPES AND SEMICONDUCTORS WILL CONTINUE. AND SPECIAL
EFFORT IS NOW DIRECTED TOWARD MEASUREMENT DESIGN PARAMETER DATA
(THERMAL CONDUCTIVITY, RESISTIVITY AND RADIATION _FIELD VARIATION FOR
THE SEMICONDUCrORS) e MINIATURE HEAT PIPE ANALYSIS o AND PROPERTIES AND
LONG LIFE TIMES OF COATINGS AND THEIR SUBSTRATES AT CRYOGENIC
TEMPERATURESe
RTOP NO~ 114-03-55 TITLE: ENVIRONMENTAL SPACE VEHICLE DESIGN
CRITERIA
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL~ 213-354-4530
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO PREPARE SPACE VEHICLE
ENVIRONMENTAL DESIGN CRITERIA FOR INTERPLANETARY AND PLANETARY
ENVIRONMENTS. THE EFFORT DURING FY- i 72 IS DIRECTED TOWARD COMPLETING
SPACE VEHICLE DESIGN CRITERIA DOCUMENTS FOR THE PLANETS JUPITER r
SATURN g MERCURY w AND THE OUTER PLANETS URANUS, NEPTUNE, AND PLUTO.
IN ADDITION~ AN INTERPLAN~TARY NUCLEAR RADIATION ENVIRONMENTAL DESIGN
CRITERIA DOCUMENT WILL BE INITIATED AT A VERY LOW LEVEL OF EFFORT.
TOGETHER WITH KNOWLEDGEABLE SCIENTISTS~ ENGINEERS, AND DESIGNERS
IMPORTANT ENVIRONMENTAL PARAMETERS WILL BE IDENTIFIED. BASED ON THE
CURRENT STATE-JF-THE-ART KNOWLEDGE OF THE SPECIFIED ENVIRONMENTs
ENGINEERING DESCRIPTIONS, AND/OR MODELS WILL BE DEVELOPED AND SPACE
VEHICLE DESIGN CRITERIA FOR THE IMPORTANT PARAMETERS ESTABLISHED. AN
ENVIRONMENTAL DESIGN CRITERIA DOCUMENT WILL BE COMPOSED n EDITED g AND
WRITTEN IN THE ESTABLISHED STYLE. THE DOCUMENTS PASS THROUGH THE
REGULAR REVIEW CYCLE AND THEN THE FINAL DRAFT SENT TO GSFC FOR
PUBLICATION. THE DESIGN CRITERIA PROVIDED BY THE DOCUMENT ON
URANUS N NEPTUNE q AND PLUTO ARE DIRECTLY APPLICABLE TO THE OUTER
PLANETS PROGRAM WHILE THE JUPITER AND SATURN DOCUMENTS ARE APPLICABLE
NpT ONLY TO THE OUTER PLANETS PROGRAM, BUT _ALSO TO POTENTIAL SATURN
FLY-BY AND ORBITER MISSIONS TO THESE PLANETS. THE MERCURY DESIGN
CRITERIA DOCUMENT SUPPORTS THE VENUS-MERCURY PROGRAM SCHEDULED FOR
1973 AS WELL AS ANY FLY-BY OR ORBITER MISSIONS TO MERCURY AND
FINALLI g THE INTERPLANETARY NUCLEAR RADIATION CRITERIA DOCUMENT
PROVIDES CRITERIA FOR ALL THE FUTURE INTERPLANETARY AND PLANETARY
SPACE PROGRAM FOR WHICH INTERPLANETARY RADIATION DAMAGE TO THE
SPACECRAFT SYSTEMS IS AN IMPORTANT CONSIDERATION.
RTOP NOc 114-03-55 TITLE: ENVIRONMENTAL DESIGN CRITERIA
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: VAUGHAN, W. W. TEL. 205-453-3106
TECHNICAL SUMMARY
TO MEET THE SCIENTISTS', ENGINEERS', AND DESIGNERS' REQUIREMENT
FOR DOCU~ENTS, SUCH AS GUIDELINES AND MONOGRAMS OF ENVIRONMENT
PARAMETERS~ THE FOLLOWING WORK HAS BEEN UNDERTAKEN TO DEVELOP SPACE
AND TERRESTRIAL ENVIRONMENT CRITERIA, GROUND WIND, INFLIGHT~ LUNAR
SURFACE v SURFACE EXTREMES, EARTH ORBITAL~ PLANETARY, AND OTHERS WHICH
ARE REQUIRED. THESE MODELS OR MONOGRAMS ARE BEING PUT TOGETHER BY
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KNOWLEDGEABLE SCIENTISTS BASED ON DATA OBTAINED IN THE PASTo AS WELL
AS DATA PRESENTLY BEING RECORDED. THESE DOCUMENTS ARE NECESSARY IN
THE OVERALL _DESIGN~ DEVELOPMENT f AND OPERATIONAL REQUIREMENTS OF
PRESENT AND FurURE SPACE VEHICLE AND SYSTEMS. DUE TO THE CHANGING
REQUIREMENTS OF NASA PROJECTS AND INCREASE IN DATA RECORDS~ IT IS
NECESSARY TO MAINTAIN A CONTINUOUS EFFORT TO ANALYZE THESE DATA AND
POTENTIAL ENGINEERING APPLICATIONS. THIS PERMITS THE DEVELOPMENT OF
TIMELY GUIDELINE AND MONOGRAPHS FOR ENVIRONMENTAL CRITERIA. THIS
WORK WAS COVERED UNDER CODE 124-12-11 WITH THE SAME TITLE OF THIS
RTOP. IN FY?1 AND PRIOR YEARS$
RTOP NOG 114-03-55 TITLE: ENVIRONMENTAL DESIGN CRITERIA
ORGANIZATION: GODDARD SPACE FLIGHT CENTER \
MONITOR~ MILLS v S. Ao TELG 301~982-4246
TECHNICAL SUMMARY
TO DEVELOP AND PUBLISH (1) NASA DESIGN CRITERIA FOR
TERRESTRIAL w EKTRATERRESTRI~L, AND SPACE SYSTEM ENVIRONMENTS AND {2}
GSFC ENVIRONMENTAL TEST SPECIFICATIONS. FOR THIS TASK~ WE ASSESS
DATA FROM THREE SOURCES: SPACE AND TERRESTRIAL RESEARCH, SPACE
SYSTEM OPERATIJNAL _PERFORMANCE, AND ENVIRONMENTAL TEST EXPERIENCE.
THE OBJECTIVE o WHICH IS TO IMPROVE DESIGN AND PERFORMANCE OF SPACE
SYSTEMS.!' IS CARRIED OUT IN THREE COt'IJPLEMENTARY ~lAYS: (1)
DEVELOPMENT OF SOME 30 NASA DESIGN CRITERIA MONOGRAPHS, EACH OF WHICH
PRESENTS AN ENGINEERING DESCRIPTION OR MODEL OF AN ENVIRONMENT WHICH
CAN AFFECT THE DESIGN OF SPACE SYSTEMS AND THE PLANNING OF SPACE
MISSIONS. AS LEAD CENTER w GSFC INITIATES, COORDINATES, AND REVIEWS
EFFORTS OF PARrICIPATING NASA CENTERS, CONTRIBUTING SCIENTISTS,
ENGINEERS AND CONTRACTORS; (2) FORMULATION OF GSFC GENERAL
SPECIFICATIONS FOR TESTING SPACECRAFT AND SOUNDING ROCKET PAYLOADS.
REVISIONS ARE MADE IN RESPONSE TO NEW ENVIRONMENTAL KNOWLEDGE OR WHEN
NASA ADOPTS NEW LAUNCH VEHICLES; (3) THE PAST _EXPERIENCE AND
PERFORMANCE (PEP) EFFORT COMPARES ACTUAL SPACECRAFT OPERATIONAL
RESULTS WITH PRIOR RESULTS.
RTOP NO. 114-03-58 TITLE: THERMAL-VACUUM TESTING TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY;
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THE OBJECTIVE IS TO ADVANCE THE STATE OF THE ART IN SPACE
ENVIRONMENT SIMULATION TECHNOLOGY. PRINCIPAL EMPHASIS WILL BE PLACED
ON MOLSINK TECHNOLOGY AND WILL CONSIST OF THREE CLOSELY RELATED
TASKS: 1) _CONTINUED STUDY AND CHARACTERIZATION OF THE MOLSINK
ENVIRONMENT; 2) FURTHER DEVELOPMENT OF SPECIALIZED INSTRUMENTATION
SUCH AS THE QU~RTZ CRYSTAL MICROBALANCE SYSTEM TO ASSIST IN
EVALUATION OF TEST DATA AND OF ANCILLARY SYSTEMS SUCH AS RADIATION
PRODUCING SYSTEMS TO ENABLE ANALYSIS OF NON-LINEAR u COMBINED SPACE
ENVIRONMENT EFFECTS; AND 3) DEVELOPMENT OF SPECIAL TEST TECHNIQUES TO
ASSIST IN THE EVALUATION OF SPACECRAFT MATERIALS AND INSTRUMENT
CONTAMINATION.
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RTOP NO. 114-03-58 TITLE: THERMAL/VACUUM TESTING TECHNOLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONI~OR: KRUGER, R. TEL. 301-982-5034
TECHNICAL SUMMARY
THE PURPOSE OF THIS RTOP IS TO IMPROVE OUR KNOWLEDGE OF THE
SPACE VACUUM AND THERMAL RADIATION ENVIRONMENT AND ITS EFFECTS TO
PERFORM _MORE MEANINGFUL TESTS AND ANALYSES TO INCREASE SPACECRAFT
RELIABILITY. ~AJOR AREAS OF INVESTIGATION INCLUDE ANALYSES AND TESTS
TO DEFINE THE MOLECULAR FLUX IN THE VICINITY OF SPACECRAFT, IN-TEST
MONITORING IMPROVEMENTS, AWD CONTAMINATION STUDIES. EFFORTS ARE ALSO
DIRECTED _TOWARD THE CREATION OF ULTRA-HIGH, CLEAN VACUUM SYSTEMS
INCLUDING THE CAPABILITY FOR UNINTERRUPTED OPERATION OVER A PERIOD IN
EXCESS OF ONE YEAR. WORK ON THE ESTABLISHMENT OF AN ENGINEERING
STANDARD VALUE OF THE SOLAR TOTAL AND SPECTRALIRRADIANCE WILL BE
COMPLETED. THE DEVELOPMENT OF RADIOMETER AND OTHER DETECTOR SYSTEMS
WHICH ARE COMPATIBLE WITH SPACE SIMULATOR OPERATION AND THEIR
CALIB~ATION WILL BE CONTINUED.
RTOP NO. 114-03-58 TITLE: THERMAL/VACUUM TESTING TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP ACCELERATED TESTING
_TECHNIQUES FOR PREDICTING LONG-TERM THERMAL/VACUUM EFFECTS ON
MATERIALS FROM SHORT-TERM MEASUREMENTS. TECHNIQUES FOR MAKING IN
SITU MEASUREMENTS OF THE MECHANICAL AND THERMAL PROPERTIES OF
SPACECRAFT MATERIALS WILL BE DEVELOPED. VACUUM DEGRADATION PHENOMENA
IN GENERAL CLASSES OF MATERIALS WILL BE STUDIED TO IDENTIFY
PARAMETERS FOR ACCELERATING THE TESTS. ACCELERATED TESTING TECHNIQUES
WILL BE DEVELOPED AND VALIDATED.
RTOP NO. 114-08-01 TITLE: SPACE SHUTTLE STRUCTURAL DESIGN TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE GOAL IS IDENTIFICATION OF CRITICAL STRUCTURAL PROBLEMS OF
THE SPACE SHUTrLE, AND EXPERIMENTAL AND ANALYTICAL RESEARCH THAT WILL
PROVIDE EFFICIENT SOLUTIONS TO THESE PROBLEMS AND AN ADEQUATE
TECHNOLOGICAL BASE FOR STRUCTURAL DESIGN OF THE LEAST WEIGHT OR COST
SHUTTLE VEHICLE. THE WORK WILL BE ACCOMPLISHED INHOUSE AND THROUGH
NUMEROUS CONTRACTS PRIMARILY WITH THE AEROSPACE COMPANIES ACTIVELY
ENGAGED IN DEVELOPMENT OF THE SHUTTLE. A MAJOR EFFORT IS THE
PURCHASE OF SURFACE STRUCTURE PANELS FOR TESTING UNDER AERODYNAMIC,
ACOUSTIC, AND VIBRATORY ENVIRONMENTS. DEVELOPMENT OF MORE EFFICIENT
STRUCTURAL PANELS THAT SHOW PROMISE OF REDUCING PRIMARY STRUCTURE
WEIGHT WILL BE CONTINUED. STUDIES OF THE MOST EFFICIENT STRUCTURAL
ARRANGEMENTS WILL BE MADE. TESTING OF LIGHT WEIGHT COMPOSITE
REINFORCED METAL STRUCTURES WILL BEGIN. EFFORTS IN IDENTIFYI~G MAJOR
PROBLEM AREAS WITH SUCH SECONDARY STRUCTURES AS DOORS AND WINDOWS
WILL CONTINUE AND WORKABLE DESIGN SOLttTIONSWILL BE DEVELOPED.
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STUDIES WILL CONTINUE ON DESIGN CRITERIA AREAS THAT PRESENT SPECIAL
PROBLEMS TO THE SHUTTLE SUCH AS STRUCTURAL TEST REQUIREMENTS, ON
BOARD PURGE SYSTEM REQUIREMENTS, AND STRUCTURAL INTERFACE
COMPATIBILITY.
RTOP NO. 114-08-02 TITLE: SPACE SHU~TLE COMPOSITE TANK TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER \
MONITOR: NORED, D. L. TELe 216-433-6916
TECHNICAL SUMMARY
THE WORK CJNDUCTED UNDER THIS RTOP WILL PROVIDE THE TECHNOLOGY
FOR APPLICATION OF FILAMENT WOUND COMPOSITES TO SPACE SHUTTLE VEHICLE
TANKAGE. APPLICATIONS FOR THIS TECHNOLOGY WILL INCLUDE LARGE,
LOW-PRESSURE, LOAD-CARRYING LIQUID PROPELLANT TANKS; NON-INTEGRAL
(NON-LOAD CARRYING) LIQUID TANKS; AND SMALL, HIGH-PRESSURE GAS
STORAGE VESSELS. FILAMENTS OF GLASS, BORON, GRAPHITE, AND HIGH
MODULUS POLYMER WHICH OFFER SIGNIFICANT WEIGHT OR COST SAVINGS, WHILE
MAINTAINING OR IMPROVING THE RELIABILITY ATTAINABLE WITH CONVENTIONAL
METAL,VESSELS, WILL BE EVALUATED. THE DEVELOPMENT OF THE ADVANCEn
CONCEPTS FOR FILAMENT-WOUND PRESSURE VESSELS ALREADY IN PROGRESS WILL
BE CONTINUED. IN FY '72, ADDITIONAL ACTIVITIES WILL BE SPECIFICALLY
DIRECTED TOWARD SPACE SHUTTLE SYSTEM COMPONENT DESIGN AND DEVELOPMENT.
RTOP NO. 114-08-03 TITLE: SPACE SHUTTLE FRACTURE CONTROL METHODS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: NORED, D. L. TELe 216-433-6916
TECHNICAL SUMMARY
THE WORK C~NDUCTEDUNDER THIS RTOP WILL PROVIDE TECHNOLOGY
REQUIRED FOR ESTABLISHING EFFECTIVE FRACTURE CONTROL DESIGN AND
OPERATIONAL MEr HODS FOR THE SPACE SHUTTLE VEHICLE STRUCTURES.
TECHNOLOGY BENEFITS FOR OTHER SPACE VEHICLE AND SPACE STATION
APPLICATIONS WILL ALSO RESULT. SPECIFIC AREAS OF CURRENT WORK
INCLUDE: (1) DEVELOPMENT OF FRACTURE DATA ON MATERIALS USING FLAW
GEOMETRIES AND LOADING CONDITIONS OF SPECIFIC INTEREST TO THE SPACE
SHUTTLE VEHICLE INTEGRAL PROPELLANT TANKS; (2) DEVELOPMENT OF
ANALYTICAL EVALUATIONS OF CRACK TIP STRESS ~NTENSITY FOR SPECIFIC
SPACE SHUTTLE VEHICLE FLA W GEOMET RIES AND LOADING CONDI TIONS; AND (3)
DEFINITION OF FRACTURE CONTROL DESIGN APPROACHES SPECIFICALLY SUITED
TO THE SPACE SHUTTLE VEHICLE STRUCTURES.FY '72 EFFORTS WILL CONTINUE
IN THESE AREAS, WITH INCREASED EMPHASIS ON THE EFFECTS OF ENVIRONMENT
ON FLAW PROPAGATION.
RTOP NO. 114-08-04 TITLE: SPACE SHUTTLE COMPOSITES FOR PRIMARY
STRUCTURE
ORGANIZATION: GEORGE C. MARSHALL SPACEi
MONITOR: ENGLER, E. E. TEL. 205-453-3958
TECHNICAL SUMMARY
THE OBJECTIVES OF THE STUDY ARE: TO INDICATE AREAS OF GROWTH
POTENTIAL FOR rHE SPACE SHUTTLE VEHICLE THROUGH THE USE OF ADVANCED
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FILAMENTARY CO~POSITE MATERIALS WHICH WOULD PROVIDE MAXIMUM STRENGTH
TO WEIGHT CAPABILITIES AND RESULT IN INCREASED PAYLOAD; AND TO
DEVELOP THRUST STRUCTURE CONCEPTS, INCLUDING MAJOR STRUCTURAL
COMPONENTS, APPLICABLE FOR VARIOUS ENGINE ARRANGEMENTS BY NUMBER AND
SIZE. EXISTIN~ TECHNOLOGY COMPOSITE SYSTEMS WILL BE UTILIZED TO
OBTAIN MINIMUM WEIGHT STRUCTUREo THE APPROACH UTILIZED IS TO PERFORM
TECHNOLOGY INVESTIGATIONS IN THE AREAS OF STRUCTURAL DESIGN e
STRUCTURAL ANALYSIS g MATERIALS EVALUATION, FABRICATION~ QUALITY
ASSURANCE~ AND TESTING. THESE INVESTIGATIONS WILL INCLUDE BOTH
IN-HOUSE AND CJNTRACTED EFFORT~ MAJOR STRUCTURAL COMPONENTS WILL BE
DESIGNED f FABRICATED, AND TESTED. THESE MAJOR STRUCTURAL TEST
COMPONENTS, APPLICABLE TO A SPACE SHUTTLE VEHICLE, WILL INCLUDE A
SCALED THRUST STRUCTURE, SKIN PANELS, ENGINE SU?PORT BEAMS AND MINOR
COMPONENTS SUCH AS BEAM CAPS, STRINGERS, JOINTS g AND SHEAR WEBS.
DESIGN CRITERIA STUDIES WILL ALSO BE CONDUCTED. THE MATERIALS TO BE
EVALUATED WILL INCLUDE BORON/EPOXY, GRAPHITE/EPOXY~ BORON/ALUMINUM,
AND POLYIMIDE COMPOSITES. THE STUDY WAS INITIATED IN FY 1970 AND
WILL EXTEND THROUGH FY 1975. THE MANPOWER REQUIREMENTS AVERAGE ABOUT
19 MAN-YEARS PER YEAR.
UTOP NO. 114-08-05 TITLE: SPACE SHUTTLE DYNAMICS AND AEROELASTICITY
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: BROOKS v Go W. TEL. 703-827-2042
TECHNICAL SUMM~RY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP THE LOADS,
STRUCTURAL DYNAMICS, LIQUID DYNAMICS, AND AEROELASTICITY TECHNOLOGY
OF SPACE SHUTTLE VEHICLES. SPECIFICALLY TECHNOLOGY TO SOLVE PROBLEMS
SUCH AS BUFFET; FLUTTER; PANEL FLUTTER, GROUND WIND LOADS; PROPELLANT
SLOSH; WIND, GITST~ AND CONTROL LOADS; POGO; BOUNDARY LAYER NOISE; AND
SHOCK LOADS WILL BE DEVELOPED. PROPOSED SPACE SHUTTLE CONFIGURATIONS
AND OPERATING REQUIREMENTS INTRODUCE THE NEW FACTORS OF ASYMMETRY~
PARALLEL-STAGED MULTIBODIES, AND HIGH TEMPERATURE INTO THESE DYNAMICS
PROBLEMS~ BOTH ANALYTICAL AND EXPERIMENTAL APPROACHES ARE REQUIRED
TO DETERMINE CRITICAL LOADING CONDITIONS, VEHICLE CHARACTERISTICS,
VEHICLE RESPONSES, AND STABILITY BOUNDARIES. DYNAMIC MODELS AND WIND
TUNNELS WILL BE USED EXTENSIVELY FOR THIS IN-HOUSE"AND CONTRACT
EFFORT. THE RESULTS WILL INFLUENCE CONFIGURATION SELECTION AND LEAD
TO LIGHTER WEI3HT AND MORE RELIABILITY IN THE FINAL CONFIGURATION.
BTOP NO. 114-08-06 TITLE: SPACE SHUTTLE: DYNAMICS AND
AEBOELASTICITY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
WIND TUNNEL TESTS AND ANALYSIS WILL BE CONDUCTED TO INVESTIGATE
SEVERAL DYNAMI: AND AEROELASTIC PROBLEMS THAT MUST BE CONFRONTED IN
THE EVALUATION OF CONFIGURATIONS AND THE DEVELOPMENT OF A SPACE
SHUTTLE VEHICLE. THE PRIMARY EMPHASIS WILL BE ON TRANSONIC BUFFET
(INCLUDING AEROELASTIC EFFECTS), AERODYNAMIC NOISE INPUTS AND
RESPONSE~ FLUTrER, MODE ALLEVIATION, AND FAILURE DETECTION. MOST OF
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THE WORK WILL BE EXPERIMENTALG BOTH LIGHT~WEIGHT RIGID AND
ELASTICALLY SCALED MODELS WILL BE TESTED IN WIND TUNNELS TO
INVESTIGATE BUFFETING AND FLUTTER. FLOW VISUALIZATION TESTS OF
CANDIDATE CONFIGURATIONS WILL BE CONDUCTED TO IDENTIFY AND LOCATE
REGIONS OF HIGH INTENSITY TURBULENCE u AND THEN PRESSURE FLUCTUATIONS
WILL BE MEASURED IN THESE REGIONS TO EVALUATE AERODYNAMIC NOISE
INPUTS. IT IS INTENDED THAT FULL-SCALE PANELS WILL EVENTUALLY BE
TESTED TO STUDY RESPONSE AND FATIGUE CHARACTERISTICS. A TECHNIQUE
BEING DEVELOPED FOR SIMULATING c ON LARGE-SCALE MODELS g THE LATERAL
FORCES PRODUCED BY THRUST VECTOR CONTROL OF LAUNCH VEHICLES WILL BE
USED TO STUDY CRITICAL VIBRATION MODES OF SPACE SHUTTLE STRUCTURES
AND ACTIVE AND PASSIVE SYSTEMS FOR MODE ALLEVIATION. AN INSTRUMENT
DEVELOPED AT AMES FOR ON-LINE ANALYSIS OF DAMPING WILL BE FURTHER
DEVELOPED AND EVALUATED AS A STRUCTURAL FAILURE-DETECTION DEVICE.
RTOP NOo 114~08-07 TITLE: SPACE STATION DAMAGE CONTROL AND DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEl~ 703-827-2042
TECHNICAL SUMMARY
THE RESEARCH CONDUCTED UNDER THIS RTOP WILL BE DIRECTED INTO 2
AREASe FIRST AREA DEALS WITH METHODS TO PROVIDE AND MAINTAIN LARGE
ENCLOSED VOLUMES FOR MANNED SPACE STATIONS. RESEARCH WILL BE
DIRECTED TOWARD THE DEVELOPMENT OF A DAMAGE CONTROL SYSTEM THAT WILL
DETECT~ LOCATE, AND REPAIR HOLES OR LEAKS IN THE PRESSURIZED CABINS
OF SPACE STATIJNSo THE SECOND AREA DEALS WITH THE DEVELOPMENT OF
ANALYTICAL AND EXPERIMENTAL TECHNIQUES FOR PREDICTING THE DYNAMIC
RESPONSE AND RESUL~ING STRESSES OF FLEXIBLE MODULAR AND ROTATING
SPACE STATIONS. COMPUTER SIMULATIONS OF A STATION CONSISTING OF
SEVERAL MODULES AND A STATION WITH A COUNTERWEIGHT CONNECTED BY
CABLES OR OTHER EXTENDIBLE MEMBERS WILL BE DEVELOPED. THE ANALYSIS
WILL BE USED TJ DETERMINE THE THREE-DIMENSIONAL STATION DYNAMICS AND
ELASTIC RESPONSE DURING NORMAL _OPERATION Q EXTENSION r STEADY SPIN u
AND RETRACTION.
RTOP NO~ 114-08~08 TITLE: ADVANCED CONCEPTS FOR SPACECRAFT ANTENNA
STRUCTURES
ORGANIZATION: JET PROPULSION LABORATORYl
MONITOR: LUC1S 6 J. We TEL. 213-354-4530
TECHNICAL SUMM~RY
OUTER PLANET AND PLANETARY ORBIT MISSIONS IN THE 1975-1985
PERIOD WILL REQUIRE SUBSTANTIALLY INCREASED COMMUNICATION
CAPABILITIESe JPL STUDIES INDICATE THAT OPTIMUM TELECOMMUNICATION
DESIGN FOR THESE MISSIONS IS REALIZED WITH ANTENNAS HAVING MUCH
HIGHER GAIN TH~N THOSE NOW USED ON MARINER SPACECRAFT; HOWEVER; THE
ASSUMED GAIN VS. WEIGHT_USED IN THESE STUDIES HAS NOT BEEN VERIFIED~
NOR IS THE TECHNOLOGY SUFFICIENTLY WELL DEVELOPED. THE PRINCIPAL
OBJECTIVE OF THIS FIVE-YEAR EFFORT IS TO FULFILL THE NEED TO DEVELOP
AND MAKE AVAILABLE THE KNOWLEDGE REQUIRED BY FLIGHT PROJECT TO BE
ABLE TO UTILIZE NEW LARGE ANTENNAS. A NUMBER OP" FURLABLE ANTENNA
CONFIGURATIONS HAVE BEEN CONSIDERED FROM 15 TO 100 FEET IN DIAMETER
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FOR OPERATING RADIO FREQUENCIES UP TO X-BAND. FEASIBILITY IS BEING
DEMONSTRATED BY DESIGN AND FAERICATION OF A 15-FOOT DIAMETER FURLABLE
CONICAL ANTENNA MODEL. THE TECHNOLOGY WILL THEN BE INVESTIGATED FOR
EXTRAPOLATION ro LARGER SIZES. CRITERIA WHICH WILL CONTINUE TO BE
CONSIDERED INCLUDE: WEIGHT (GOAL IS 0.25 LB/FT SQUARED OR BETTER),
SURFACE ACCURA~Y IN THE OPERATING ENVIRONMENT, RELIABILITY OF
DEPLOYMENT, LONG LIFE, AVOIDANCE OF ADVERSE INTERACTION BETWEEN
STRUCTURE AND rHE ATTITUDE CONTROL SUBSYSTEM, AND AMENABILITY TO
PREFLIGHT VERIFICATION BY ANALYSIS AND TESTS. THIS _EFFORT WILL BE
COORDINATED WlrH "MICROWAVE DEEP SPACE COMMUNICATION S & TRACKING,"
RTOP CODE 115-21-20. THIS TASK DOES NOT DUPLICATE BUT RATHER
COMPLEMENTS WORK BEING DONE FOR TOPS. ANOTHER OBJECTIVE OF _THIS TASK
IS TO PERFORM INVESTIGATIONS IN SELECTED AREAS OF STRUCTURES,
DYNAMICS, AND ~ATERIALS RELEVANT TO FUTURE FLIGHT PROJECTS. THE
RESULTS OF THESE INVESTIGATIONS----
RTOP NO. 114-08-09 TITLE: STRUCTURES FOR ORBITING RADIO TELESCOPES
ORGANIZATION: GODDARD SPACE FLIGHT CENTER _
MONITOR: HIBBARD, W. D. TEL. 301-982-4278
TECHNlrCAL SUM MA RY
THE OBJECTIVE IS TO DEVELOP STRUCTURE TECHNOLOGY NEEDED FOR AN
ORBITING RADIO TELESCOPE THAT OPERATES IN THE FREQUENCY RANGE OF 1-10
MHZ; AN ACCURArE PARABOLOIDAL REFLECTOR APPROXIMATELY ONEKILOMETER IN
DIAMETER IS RE~UIRED; PLUS SUPPORTING STRUCTURE FOR THE RF FEED AND
ELECTRONICS. A CENTRIFUGUALLY DEPLOYED FILAMENTARY NET WITH FORE AND
AFT STAYS IS THE MOST PROMISING APPROACH. A FIVE METER DIAMETER
MODEL HAS BEEN DEVELOPED AND SUCCESSFULLY TESTED IN VACUUM
ENVIRONMENT. ADDITIONAL TESTING, INCLUDING AN AEROBEE FLIGHT, IS
PLANNED. PRELIMINARY STUDIES OF A 50 METER MODEL ARE UNDER WAY, AND A
CONTINUING EFFJRT IS DEVOTED TO DEFINING AND ANALYZING THE ULTIMATE
TELESCOPE REQUIREMENTS.
RTOP NO. 114-08-10 TITLE: ADVANCED CONCEPTS FOR FUTURE SPACECRAFT
STRUCTURES
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP NEW STRUCTURAL CONCEPTS AND ADVANCED
_MATERIAL-INCLUDING COMPOSITES, FABRICS, AND MEMBRANE MATERIALS FOR
FLEXIBLE OR RIGID SPACE STRUCTURAL APPLICATION. THE WORK CONSISTS OF
ANALYTICAL AND EXPERIMENTAL STUDIES OF NEW AND ADVANCED CONCEPTS FOR
STRUCTURES WHI~H EMPLOY NOVEL IDEAS, UNIQUE GEOMETRIES AND
APPLICATION OF NEW MATERIALS.
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RTOP NO. 114-08-13 TITLE: SPACE VEHICLE LOADS AND DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER,
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO PROVIDE FOR MORE EFFICIENT,
_YET SAFE, SPACE VEHICLE STRUCTURES THROUGH BETTER UNDERSTANDING OF
THE LOADS IMPOSED ON THE STRUCTURE AND THE DYNAMIC RESPONSE OF THE
STRUCTURE TO APPLIED LOADS. THE PRIME OBJECTIVES INVOLVE
IMPROVEMENTS IN THE METHODS OF VIBRATION ANALYSIS OF COMPLEX SPACE
VEHICLE STRUCTURES. TYPICAL OF THE IMPOSED LOADS THAT ARE CONSIDERED
ARE THOSE DUE ro FLUID MOTIONS~ GROUND WINDS AND WINDS ALOFT~
IMPULSIVE LOADINGS DUE _TO PYROTECHNIC SHOCK, BLAST TYPE LOADS AND
PLANETARY LANDING IMPACT~ NOISE, BUFFETING AND ENGINE INDUCED
VIBRATIONS; AND RELATED DYNAMIC ENVIRONMENTS.
RTOP BO. 114-08-14 TITLE: SPACE VEHICLE LOADS AND DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER \ ,
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP METHODS OF PREDICTING
STRUCTURAL LOADS ON SPACECRAFT AND THE DYNAMIC RESPONSE OF THE
STRUCTURE TJ THE IMPOSED LOADS. THE SPECIFIC PROBLEM TO BE
INVESTIGATED IS THERMAL LOADING AND THE RESULTANT BUCKLING OR THERMAL
FLUTTER. THE CONVERSION OF THERMAL RADIATION TO USEFUL WORK
UTILIZING THE THERMAL FLUTTER PHENOMENA WILL ALSO BE STUDIED.
~TOP NO. 114-0S-15 TITLE: SPACE VEHICLE DESIGN CRITERIA (STRUCTURES
AND STRUCTURAL DYNAMICS)
ORGANIZATION: LANGLEY RESEARCH CENTER: _
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
TO DEVELOP, DOCUMENT, AND PROMOTE THE GENERAL ACCEPTANCE OF
SOUNDLY CONCEIVED AND AUTHORITATIVE GUIDELINES TO BE USED BY NASA
FLIGHT PROGRAMS AND CONTRACTORS IN FORMULATING DESIGN REQUIREMENTS
FOR FLIGHTWORTHY SPACE VEHICLE STRUCTURE (NASA POLICY DIRECTIVE
8070~1). TO PROMOTE THE APPLICATION OF THESE RESULTS TO FUTURE NASA
MISSIONS, UPDATE THIS INFORMATION WHEN NECESSARY, AND IDENTIFY
TECHNOLOGY DEFICIENCIES THAT REQUIRE FURTHER RESEARCH STUDY. THE
PROGRAM IS MANAGED BY THE DESIGN CRITERIA OFFICE (DCO), STRUCTURES
DIVISION, AND DRAWS ITS INFORMATION FROM SHORT TERM, BROAD
DISCIPLINARY SUPPORT PROVIDED BY NATIONALLY RECOGNIZED AUTHORITIES IN
THE GOVERNMENT, INDUSTRY, AND ACADEMIC COMMUNITIES. A PRIME
CONTRACTOR (MCDONNELL DOUGLAS CORPORATION) ENGAGES ALL NONGOVERNMENT
SUPPORT WHO, IN CONJUNCTION WITH GOVERNMENT EXPERTS, EXAMINE AND
EVALUATE THE RESEARCH, DEVELOPMENT, AND FLIGHT EXPERIENCE IN MANY
PROGRAM AREAS AND TRANSLATE THEIR RESULTS INTO AUTHORITATIVE DESIGN
GUIDES. THE INFORMATION IS RELEASED AS NASA SPECIAL PUBLICATIONS
(SP-8000 SERIES) IN THE FORM OF DESIGN CRITERIA MONOGRAPHS, DESIGN
METHOD DOCUMENrS, OR HANDBOOKS AS APPROPRIATE. MAJOR ATTENTION IS
GIVEN TO THE DEVELOPMENT OF DESIGN CRITERIA MONOGRAPHS HAVING DIRECT
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APPLICATION TO FUTURE NASA MISSIONS. APPROXIMATELY 38 CRITERIA
MONOGRAPHS WILL BE COMPLETED THROUGH FY 1971; 19 OTHERS ARE IN
VARIOUS STAGES OF DEVELOPMENT; 19 OTHERS ARE PLANNEDe
RTOP NO. 114-08-11 TITLE: IMPULSE TESTING TECHNIQUES
ORGANIZATION: MANNED SPACECRAFT CENTER _
MONITOR: MODLIN 6 C. T., JR. TEL. 713-483-2076
TECHNICAL SUMMARY
INVESTIGATE AND DEVELOP IMPULSE TRANSFER FUNCTION TESTING
TECHNIQUES FOR APPLICATION IN DETERMINING THE STRUCTURAL DYNAMIC
CHARACTERISTICS OF THE SPACE SHUTTLE VEHICLE AND SPACE SHUTTLE
STRUCTURAL COMPONENTS. AN ANALYTICAL METHOD FOR PREDICTING THE
DYNAMIC CHARACTERISTICS AND DYNAMIC RESPONSE OF A STRUCTURE FROM
EXPERIMENTALLY DETERMINED IMPULSE TRANSFER FUNCTIONS. THE METHOD
WILL BE VERIFIED BY COMPARING RESPONSES DETERMINED BY THE IMPULSE
METHOD TO THOSE MEASURED ON A TYPICAL SPACECRAFT STRUCTURE DURING
APPLICATION OF IMPACT AND SUSTAINED VIBRATION TYPE LOADINGS.
RTOP NO. 114-08-21 TITLE: SPACECRAFT LAUNCH DYNAMICS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: YOUNG, J. P. TEL. 301 .... 982-4964
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS EFFORT IS TO IMPROVE SPACECRAFT
AND SUBSYSTEM DYNAMIC TEST SPECIFICATIONS (ACCELERATION, VIBRATION i
SHOCK, AND ACOUSTIC NOISE) AND TEST TECHNIQUES SO AS TO PROVIDE A
BETTER BALANCE BETWEEN CONSERVATISM IN SEVERITY, RISKS ASSOCIATED
WITH INSUFFICIENT TESTING, AND ECONOMY. IN ADDITION, IMPROVEMENT
WILL BE SOUGHT IN THE ABILITY TO PREDICT THE ENERGY DISSIPATION OF
SPINNING SPACECRAFT UNDERGOING FREE BODY MOTION IN SPACE AND THE
RESULTANT EFFECT ON SPACECRAFT STABILITY. A RELATIVELY SMALL EFFORT
WILL BE DEVOTED TO THE COORDINATION OF GODDARD NASTRAN USERS WITH
HEADQUARTERS A~D THE NASTRAN SYSTEMS MANAGEMENT OFFICE AT LANGLEY AND
UPDATING THE NASTRAN PROGRAM AT GODDARD. PROGRAM OBJECTIVES WILL BE
MET BY PERFORMING A SERIES OF RESEARCH TASKS IN THE AREAS OF
DEVELOPMENT OF AN IMPROVED SUBASSEMBLY TEST SPECIFICATION;
INVESTIGATION OF ALTERNATIVES TO THE USE OF A UNIFORM TEST FACTOR;
GENERATION OF GENERAL GUIDELINES FOR COMBINED ENVIRONMENT TESTING;
DEVELOPMENT OF MORE ECONOMICAL ACOUSTIC, AND SHOCK/TRANSIENT TEST
TECHNIQUES; AND GENERATION OF PARAMETRIC INFORMATION ON THE
INTERRELATIONSHIP BETWEEN DAMPING, MASS PROPERTIES, AND NUTATION RATE
OF SPIN-STABILIZED SPACECRAFT.
RTOP NO. 114- 08- 22 TITLE: STOP (STRUCTURAL-THERMAL- OPTICAL-PROG RAM)
ORGANIZATION: GODDARD SPACE FLIGHT CENTER --
MONITOR: LEE, H. P. TEL. 301-982-5275
TECHNICAL SUMMARY
THIS RTOP IS INTENDED TO IMPROVE ANALYSIS CAPABILITY WHERE THE
THERMAL DISTORTIONS OF ELEMENTS OF A STRUCTURE RESULT IN THE
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DEGRADATION OF Irs PERFORMANCE. THIS u FOR EXAMPLE, WOULD INCLUDE THE
DEGRADATION IN THE PERFORMANCE OF A SPACE TELESCOPE BECAUSE OF
VARYING THERMAL LOADS IN ORBIT. THESE LOADS RESULT IN THE
DEFORMATION OF THE STRUCTURE SUPPORTING THE OPTICAL ELEMENTS AND ALSO
DISTORTIONS IN THE ELEMENTS THEMSELVES. APPLICATIONS EXIST IN AREAS
SUCH AS THE LARGE SPACE TELESCOPE~ SMALL ASTRONOMY SATELLITE u RF
ANTENNAS g AND ~NY COMPLEX SYSTEM WHERE ALIGNMENTS ARE CRITICAL. THE
APPROACH IS TO UTILIZE THE NASTRAN PROGRAM FOR THE STRUCTURAL
ANALYSIS OF COMPLEX SYSTEMS AND TO APPLY THE SAME TECHNOLOGY - THE
FINITE ELEMENT METHOD - TO THERMAL ANALYSIS. RESULTS ARE THEN USED
AS AN INPUT THROUGH AN INTERFACE COMPUTER PROGRAM TO BE DEVELOPED
UNDER STOP F TO RAY TRACE PROGRAMS FOR OPTICAL PERFORMANCE ANALYSIS.
RTOP NO. 746-03-47 TITLE: METEOROID TECHNOLOGY SATELLITE
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON g C. H. TEL. 703-827-2893
TECHNICAL SUMM~RY
THE OBJECTIVES ARE TO DETERMINE THE METEOROID ENVIRONMENT IN
SPACE AND TO DETERMINE THE EFFECTIVENESS OF METEOROID PROTECTION
STRUCTURES FOR FUTURE SPACE FLIGHTS. THE WORK INCLUDES THE FOLLOWING
AREAS: THE METEOROID TECHNOLOGY SATELLITE (MTS) IS A SCOUT LAUNCHED
NEAR-EARTH EXPERIMENT TO OBTAIN BASELINE DATA ON THE EFFECTIVENESS OF
BUMPERS OR MULrI-WALL STRUCTURES AND THE VELOCITY DISTRIBUTIONS OF
METEOROIDS. MEASUREMENT WILL ALSO BE MADE OF THE FLUX OF VERY SMALL
MASS METEOROIDS. THE VELOCITY MEASUREMENT IS A JOINT LANGLEY
RESEARCH CENTER/MANNED SPACECRAFT CENTER EXPERIMENT. THE
INTERPLANETARY METEOROID PENETRATION EXPERIMENT WILL BE FLOWN ON THE
PIONEER F AND ON THE PIONEER G FLIGHTS THROUGH THE ASTEROID BELT TO
OBTAIN METEOROID FLUX DATA IN INTERPLANETARY SPACE ENVIRONMENT. AN
EARTH ORBITAL SISYPHUS EXPERIMENT WILL BE STUDIED. THE SISYPHUS
SYSTEM IS AN OPTICAL METEOROID DETECTOR WHICH UTILIZES THREE
OVERLAPPING REFLECTIVE TELESCOPES TO DETERMINE TUE MASS, VECTOR
VELOCITY, AND RANGE FROM SPACECRAFT OF METEOROIDS.
RTOP NO. 746-03-48 TITLE: RADIATION TECHNOLOGY SATELLITE
ORGANIZATION: MANNED SPACECRAFT CENTER _
MONITOR: MCALLUM, W. E. TEL. 713-483~3734
TECHNICAL SUMMARY
A SCIENTIFIC INSTRUMENT PACKAGE WAS LAUNCHED SIMULTANEOUSLY WITH
THE ORBITING FROG OTOLITH SPACECRAFT ON NOVEMBER 7 g 1970. THE
INSTRUMENT PACKAGE CONSISTED DF TWO EXPERIMENTS: (1) A RADIATION
EXPERIMENT COMPOSED OF THREE SOLID-STATE SPECTROMETERS, A REAL-TIME
SPECTRUM-TO-DOSE CONVERTER, AND THREE IONIZATION CHAMBERS, AND (2) A
METEOROID EXPERIMENT CAPABLE OF MEASURING PARTICLE FLUX AND PARTICLE
VELOCITY WITH rHIN FILM CAPACITOR SENSORS. THE WORK TO BE
ACCOMPLISUED IS THE REDUCTION, ANALYSIS, AND PUBLICATION OF 90 DAYS
OF FLIGHT DATA FROM THE RADIATION AND METEOROID EXPERIMENTS. THE
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EXISTING MAGNETIC TAPES WILL BE PROCESSED TO STRIP THE APPROPRIATE
DATA AND CORRELATE THE EXPERIMENT DATA WITH SPACECRAFT POSITION
OBTAINED FROM rHE STADAN EPHEMERIS DATA. THE RESULTING INFORMATION
WILL PROVIDE EVALUATION OF SPECTRUM-TO-DOSE CONVERSION PERFORMANCE;
DOSE AND POSSIBLE SPECTRUM MAPS OF THE SOUTH ATLANTIC ANOMALY;
EVALUATION OF METEOROID INSTRUMENT PERFORMANCE; AND METEOROID FLUX
AND VELOCITY DATA POINTS.
RTOP NO. 115-04-20 TITLE: ARTIFICIAL INTELLIGENCE FOR INTEGRATED
ROEOT SYSTEMS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THIS PLAN ENCOMPASSES RESEARCH LEADING TOWARD THE DEVELOPMENT OF
"INTELLIGENT" ROBOTS THAT CA N AUG MENT OR, WHEN NECES SARY, REPLACE
CERTAIN HUMAN PERCEPTUAL, INTELLECTUAL, AND MOTOR FUNCTIONS. THE WORK
WILL BE CARRIED ON IN CONCERT WITH OTHER INVESTIGATORS IN THE FIELD
OF ARTIFICIAL INTELLIGENCE; HOWEVER, OUR APPROACH WILL BE CONDITIONED
BY AND DIRECTED TO CLASSES OF REQUIREMENTS THAT ARE GERMANE TO FUTURE
NASA MISSIONS. POSSIBLE APPLICATIONS OF ROBOTS IN SPACE EXPLORATION
DURING THE NEXT FIFTEEN YEARS HAVE BEEN EXPLORED AND DOCUMENTED BY
THE NASA TELEOPERATOR/ROBOT DEVELOPMENT TASK TEAM. PRIMARY EMPHASIS
OF THE RESEARCH WILL BE ON IMPROVING THE INTELLECTUAL QUALITIES OF
MACHINES; HOWEVER, SENSORY AND MOTOR CHARACTERISTICS NECESSARY FOR
THE ROBOT TO CJNSTRUCT VALID MODELS OF THE ENVIRONMENT AND TO
INTERACT WITH IT SUCCESSFULLY WILL BE STUDIED AND THE RESULTS USED TO
CONFIGURE AND SIZE THE'TOTAL ROBOT SYSTEM. INITIAL SUBJECTS FOR STUDY
WILL INCLUDE MACHINE PERCEPTION, PROBLEM-SOLVING AND DECISION-MAKING,
MOTOR CONTROL AND COORDINATION, MACHINE STRUCTURE INSOFAR AS IT
LIMITS OR DETERMINES ROBOT CAPABILITIES IN THE ABOVE AREAS,
MAN-MACHINE COMMUNICATION, AND OVERALL EVALUATION OF ROBOT
PERFORMANCE. RELATED WORK ON THE THEORY OF PROGRAMS BEGUN IN FY'71
UNDER ANOTHER RTOP (129-04-21) WILL BE CONTINUED AS A PART OF THIS
ONE. PRODUCTS OF THE WORK WILL BE MATHEMATICAL ANALYSES AND MODELS,
AND COMPUTER PROGRAMS RELATING TO ROBOT FUNCTIONS. THE FOCUS OF THE
RESEARCH WILL BE "BREADBOARDS" OF ROBOT SYSTEMS THAT WILL PERMIT
CHANGE AND EXPANSION AS KNOWLEDGE OF MACHINE INTELLIGENCE IMPROVES.
THE PRIME ACTIVITY DURING FY'72 WILL BE TO STUDYSUITABLE STRUCTURES
FOR THE----.
RTOP NO. 115-12-01 TITLE: SPACE VEHICLE DESIGN CRITERIA (GUIDANCE &
CONTROL)
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO PREPARE AND PUBLISH GUIDANCE
AND CONTROL DESIGN CRITERIA MONOGRAPHS FOR SPACE VEHICLE DESIGN.
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EACH MONOGRAPH WILL BE CONCERNED WITH ONE TOPIC IN THE AREA OF
GUIDANCE AND C)NTROL. IN ACCORDANCE WITH THE POLICY OF THE NASA
DESIGN CRITERIA PROGRAM, THESE MONOGRAPHS WILL SERVE TO PROMOTE THE
DEVELOPMENT OF RELIABLE AND EFFICIENT SPACE VEHICLES. AS SUCH, EACH
DOCUMENT WILL ASSESS THE STATE-OF-THE-ART WITHIN THE SELECTED TOPIC,
ESTABLISH A SET OF CRITERIA TO PROVIDE GUIDELINES, PROVIDE AN OUTLINE
OF PREVIOUS SUCCESSFUL DESIGN TECHNIQUES AND SET FORTH A
COMPREHENSIVE LIST OF REFERENCES. EACH MONOGRAPH WILL DEAL WITH A
SINGLE TOPIC SELECTED ON THE BASIS OF NASA'S NEED AND THE
AVAILABILITY OF A TECHNICAL BACKGROUND IN THE TOPIC AREA. THE
PREPARATION OF THE MONOGRAPHS WILL BE GUIDED BY AN ADVISORY PANEL
CONSISTING OF EXPERIENCED NASA PERSONNEL, INDUSTRIAL EXPERTS AND
UNIVERSITY PERSONNEL. THIS WILL INSURE A TECHNICALLY SOUND DOCUMENT
WITH ALL THE VARIOUS VIEWPOINTS REPRESENTED. THE PRIMARY EMPHASIS IS
TO PRODUC~ MONOGRAPHS IN THE AREA OF SYSTEMS DESIGN. SPECIFIC
MONOGRAPH TOPICS WHICH WILL BE COMPLETED DURING FISCAL YEAR 1972 WILL
BE SPACECRAFT DISPLAY SYSTEMS, GYROSCOPE APPLICATIONS, ACCELEROMETER
APPLICATION AND EFFECTS OF FLEXIBILITY ON ENTRY VEHICLE CONTROL
SYSTEMS. THIS SEQUENCE OF MONOGRAPHS WILL BE DIRECTLY APPLICABLE TO
THE DEVELOPMENr OF CONTROL SYSTEMS FOR LOW COST SATELLITES AS WELL AS
LARGER PROJECTS SUCH AS THE SPACE SHUTTLE OR PLANETARY EXPLDRATION.
RTOP NO. 115-17-01 TITLE: SPACE SHUTTLE: SYSTEMS FOR NAVIGATION,
GUIDANCE AND CONTROL DURING APPROACH AND
LANDING
ORGANIZATION: A.MES RESEARCH CENTER,
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP A TECHNOLOGY BASE FOR THE DESIGN OF
THE SYSTEMS FOR NAVIGATION, GUIDANCE AND CONTROL OF THE SPACE SHUTTLE
VEHICLE (SSV) DURING THE APPROACH AND LANDING. THE PROGRAM INCLUDES
ANALYSIS, PILOrED FLIGHT SIMULATION, AND FINALLY, FLIGHT TESTS TO
DEVELOP AND EVALUATE SYSTEM CONCEPTS. DURING FY'71 ANALYSIS AND
SIMULATION WERE EMPHASIZED ON BOTH IN-HOUSE AND CONTRACT STUDIES. IN
FY'72 ANALYSIS AND SIMULATION WILL CONTINUE IN-HOUSE BUT EMPHASIS
WILL SHIFT TO PLIGHT EVALUATION OF THE CONCEPTS DEVELOPED. ANALYSIS
AND SIMULATION FOR FY'12 INCLUDE: 1. DETAILED EXAMINATION OF THE
AUTOMATIC/MANUAL CONTROL SYSTEM INTERFACE 2. EXAMINATION OF
PERFORMANCE OF CANDIDATE SYSTEMS CONCEPTS 3. EVALUATION OF HANDLING
QUALITIES OF CANDIDATE VEHICLE CONFIGURATIONS. THE FLIGHT PROGRAMS
FOR FY'72 ARE: 1. FLIGHT TESTS USING THE CONVAIR 340 TO CONFIRM
NAVIGATION PERFORMANCE OBTAINED FROM IN-HOUSE ANALYSIS AND SIMULATION
OF BLENDED INERTIAL/RADIO NAVIGATION SYSTEMS. 2. A MORE EXTENSIVE
FLIGHT TEST PR)GRAM USING THE CONVAIR 990 TO STUDY AUTOMATIC AND
PILOTED LANDING SYSTEM CONCEPTS AND TO CONFIRM NAVIGATION, GUIDANCE
AND CONTROL SYSTEM PERFORMANCE OBTAINED FROM ANALYSIS AND SIMULATIONS
CONDUCTED IN-HOUSE AND ON CONTRACT. THESE FLIGHT TESTS WILL
DUPLICATE, AS NEARLY AS POSSIBLE THE SHUTTLE TRAJECTORY AND
PERFORMANCE FROM ABOUT 40,000 FEET TO TOUCHDOWN.
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RTOP NO. 115-11~02 TITLE: TERMINAL AREA NAVIGATION, GUIDANCE, AND
DISPLAY CONCEPTS
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: GEE~ S. W. TEL. 805-2~8-3311
TECHNICAL SUMMARY
AN ANALYTI:AL STUDY WILL BE CONDUCTED USING AN IBM 360 COMPUTER
TO INVESTIGATE THE ENERGY MANAGEMENT AND GUIDANCE EQUATIONS FOR A
CURVED 6 UNPOWERED, INSTRUMENT APPROACH TO A RUNWAY IN A VEHICLE OF
LOW LIFT AND HIGH DRAG CONFIGURATION. A COMPUTER SIMULATION USING
THE VEHICLE EQUATIONS OF MOTION AND A COCKPIT WITH CHANGEABLE
DISPLAYS WILL BE USED TO EVALUATE THE GUIDANCE SYSTEM AND PILOT WORK
LOAD. SI~ULATION RESULTS WILL BE VALIDATED BY FLIGHT TESTS USING A
DATA LINK WITH AN F-104 AIRCRAFT~
RTOP NO. 115-17-04 TITLE~ SHUTTLE GUIDANCE
ORGANIZATION~ MARSHALL SPACE FLIGHT CENTER
MONITOR: INGRAM g H. L. TEL. 205-453-0445
TECHNICAL SUMMARY
IN RECENT YEARS A SERIES OF ALGORITHMS FOR TRAJECTORY
OPTIMIZATION AND GUIDANCE HAVE BEEN DEVELOPED WHICH SHOW THE
FEASIBILITY OF USING GENUINE OPTIMIZATION TECHNIQUES FOR REAL TIME
GUIDANCE AND MISSION PLANNING. THESE ALGORITHMS ARE MODIFIED
SHOOTING METHODS WHICH ARE CAPABLE OF REPETITIVE ON-BOARD
OPTIMIZATION OF MULTIPLE BURN ORBIT TRANSFERS. USING THESE
ALGORITHMS, AN OPTIMAL GUIDANCE SCHEME HAS ALREADY BEEN DEVELOPED FOR
POWERED VACUUM MANEUVERS; AND u IN A PARALLEL EFPORT TO THIS STUDY
(UNDER 908-52-10 FI'?' FUNDING). THE FINISHING TOUCHES ARE BEING PUT
ON AN OPTIMAL GUIDANCE SCHEME FOR USE DURING POWERED ASCENT THROUGH
THE ATMOSPHERE. UNDER THE CONTRACTUAL EFFORT PRESENTLY FUNDED UNDER
THIS RTOP, A LIMITED REENTRY OPTIMIZATION CAPABILITY WILL BE
DEVELOPED - AGAIN USING THE ALGORITHMS PREVIOUSLY MENTIONED. UNDER
FY '72 FUNDING OF THIS RTOP, THIS EFFORT WILL BE EXTENDED TO THE
DEVELOPMENT OF A FULLY REALISTIC OPTIMAL REENTRY GUIDANCE SCHEME FOR
THE SPACE SHUTrLE q CAPABLE OF OPTIMIZING THERMAL PERFORMANCE SUBJECT
TO THERMAL AND STRUCTURAL CONSTRAINTS. UNDER ANTICIPATED FOLLOW-ON
FUNDING UNDER THIS RTOP (FY'13 AND BEYOND) Q THE THREE APPLICATIONS OF
THE DEVELOPED ALGORITHMS (ASCENT, RENDEZVOUS AND REENTRY) WILL BE
BROUGHT TOGETHER TO FORM A UNIFIED GUIDANCE SCHEME WHICH TAKES
ADVANTAGE OF THE COMMONALITY THAT EXISTS IN THE EQUATIONS AND
TECHNIQUES EMPLOYED ~O PROVIDE OPTIMAL GUIDANCE DURING ALL THREE
SPACE SHUTTLE FLIGHT PHASES. THE ADVANTAGES OF SUCH A UNIFIED SYSTEM
WILL INCLUDE MINIMUM COMPUTER STORAGE REQUIREMENTS. MINIMUM SOFTWARE
DEVELOPMENT v MINIMUM PROPELLANT REQUIREMENTS q AND MAXIMUM RELIABILITY.
RTOP NOo 115-17-05 TITLE: INERTIAL COMPONENTS
ORGANIZATION~ MARSHALL SPACE FLIGHT CENTER
MONITOR: WALLS g Bo F. TEL. 205-453-0793
TECHNICAL SUMMARY
THE OBJECTIVE IS: CA) TO PRODUCE A THREE-AXIS STRAPDOWN
INERTIAL NAVIG~TION SYSTEM WITH PERFORMANCE THAT EXCEEDS THE
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PRESENTLY AVAILABLE HIGH QUALITY INERTIAL SYSTEMS IN ACCURACY AND
RELIABILITY WITH A CONSIDERABLE REDUCTION IN WEIGHT w SIZE AND COST.
(B) TO PRODUCE AN OPERATIONAL LASER GYRO WITH HIGH ACCURACY AND
RELIABILITY THAT CAN BE USED IN FUTURE SYSTEMS OF PRECISE RATE AND
POSITION SENSING. THE UNIT CAN BE EASILY ADAPTED TO NAVIGATION
SYSTEMS AS WELL AS RATE AND POSITION SENSORS AND POSITION TRACKERS.
THE APPROACH IS: (1) CONTINUE THE TESTS OF THE PRESENT 5-INCH PER
SIDE GYRO FOR LONG-TERM STABILITY AND LONG-TERM REPEATABILITY AND
ENVIRONMENTAL RESPONSE. (B) TEST THE UPDATE THREE-AXIS LASER GYRO
CONFIGURATION AND NEW ELECTRONICS THAT WILL BE DELIVERED IN MAY 1971.
THESE TESTS WILL INCLUDE LABORATORY AND FIELD TESTS FOR ACCURACY AND
ENVIRONMENTAL RESPONSE. (C) CONTINUE DEVELOPMENT TESTING OF THE NEW
BIAS CELLo (D) CONTINUE THE D~VELOPMENT AND TESTING OF THE NEW
DISCHARGE TUBE TO INCREASE THE LIFE OF THE LASER BEYOND THE PRESENTLY
PROVEN 2100 HOUBS PLUS.
RTOP NO. 115-19-02 TIT1E~ CONTROL AND STABILIZATION SYSTEMS AND
COMPONENTS FOR SPACE STATION
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: TEL~ 703-827~3745
TECHNICAL SUMMARY
TECHNOLOGY WILL BE DEVELOPED TO PERMIT THE DESIGN OF SPACE
STATION ATTITUDE CONTROL AND STABILIZATION SYSTEMS FOR AN 8-10 YEAR
OPERATIONAL LIFETIME. SIMULATIONS WILL BE MADE CONSIDERING FLEXIBLE f
VARIABLE-INERTIA w MULTIBODY f SPINNING AND NON-SPINNING MODULAR
CONFIGURATIONS IN ORDER TO DETERMINE THE REQUIRED SYSTEM AND
COMPONENT PERFJRMANCE. CONTROL SOFTWARE AND HARDWARE NEEDS BEYOND
THE PRESENT STATE-OF-THE~ART WILL BE DEFINED AND DEVELOPMENT EFFORTS
UNDERTAKEN TO PROVIDE SOLUTIONS. CRITICAL HARDWARE ELEMENTS WILL BE
CARRIED THROUGH PROTOTYPE DEVELOPMENT TO ESTABLISH FEASIBILITY. THIS
EFFORT IS DIRECTLY COORDINATED WITH MSFC AND GSFC v AND GSFC-DEVELOPED
COMPONENTS WILL BE INTEGRATED INTO SIMULATIONS AT LANGLEY~ TECHNOLOGY
FOR SEPARATE EXPERIMENT-ISOLATION AND FINE-POINTING SYSTEMS WILL BE
DEVELOPED IN A SIMILAR MANNER.
RTOP NO~ 115-19-06 TITLE: EXTENDED LIFE ATTITUDE CONTROL SYSTEMS
(ELAeS) FOR UNMANNED PLANETARY VEHICLES
ORGANIZATION: JET PROPULSION LABORATORY \
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
A COORDINArED APPROACH TO THE DESIGN OF CONTROL SYSTEMS FOR
FUTURE PLANETARY SPACECRAFT IS REQUIRED IN ORDER TO MEET RELIABILITY
AND LIFETIME REQUIREMENTSo IN RECOGNITION OF THESE REQUIREMENTS q JPL
HAS DEVELOPED A PROGRAM ENTITLED: EXTENDED LIFE ATTITUDE CONTROL
SYSTEMS (ELAS), TO PROVIDE THE REQUIRED DESIGN TECHNIQUES e HARDWARE
DEVELOPMENTS~ AND SYSTEM TECHNOLOGY. THE PROGRAM IS FOCUSED ON GRAND
TOUR MISSIONS TO DEFINE IMMEDIATE OBJECTIVES. MISSIONS BEYOND THE
PRESENT GRAND rOUR CqNCEPT WILL INCLUDE SUCH VARIATIONS AS COMET
RENDEZVOUS, ASTEROID FLYBYS AND LANDERS~ NATURAL SATELLITE ORBITERS
AND LANDERS AND A MULTITUDE OF OUTER PLANETARY QRBITER/LANDER SETS.
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SUCH MISSIONS WILL PRESENT A MYRIAD OF REQUIREMENTS AND CONSTRAINTS
ON FUTURE SPACECRAFT CONTROL SYSTEMS. EARLY INVESTIGATIONS INTO THE
ATTITUDE CONTRJL AND THRUST VECTOR CONTROL REQUIREMENTS, CONCEPTS AND
ANALYTICAL TECHNIQUES ARE REQUIRED TO ASSURE A REASONABLE TECHNOLOGY
READINESS FOR THE 1970'S AND BEYOND.
RTOP NO. 115-21-01 TITLE: MANNED SPACE SHUTTLE - DEVELOPMENT OF
ANTENNA TECHNIQUES AND MATERIALS
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
CRITICAL ANTENNA TECHNOLOGY WILL BE DEVELOPED TO MEET THE
REQUIREMENTS I~POSED ~Y STRUCTURAL DESIGN CONSIDERATIONS, THERMAL
CONDITIONS, AND THE OVERALL REENTRY ENVIRONMENT OF THE SPACE SHUTTLE.
THE REUSE CAPABILITY OF ANTENNA WINDOW AND THERMAL PROTECTION
MATERIALS WILL BE DETERMINED BY MEASURING THE DIELECTRIC PROPERTIES
OF THESE MATERIALS AFTER REPEATED THERMAL CYCLING. ANTENNA DESIGNS
WILL BE DEVELOPED WHICH USE THESE MATERIALS IN LAYERS TO REDUCE
ANTENNA TEMPERATURES. COMPUTERIZED DESIGN TECHNIQUES WILL BE
DEVELOPED TO DETERMINE THE IMPEDANCE AND PATTERNS OF ANTENNAS ON
SPACE SHUTTLE VEHICLES.
RTOP NO. 115-21-02 TITLE: MANNED SPACE SHUTTLE - MICROWAVE
AMPLIFIERS FOR SPACE SHUTTLE VEHICLE
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
C-BAND MICROWAVE POWER AMPLIFIERS WILL BE DEVELOPED FOR THE
COMMUNICATION SUBSYSTEM OF THE SPACE SHUTTLE. PRESENTLY AVAILABLE
DESIGN TECHNIQUES WILL BE USED WITH SLIGHT MODIFICATION OF
CONVENTIONAL TRAVELING WAVE TUBE CONFIGURATIONS. EMPHASIS WILL BE
PLACED ON INCREASED POWER OUTPUT, IMPROVED EFFICIENCY, AND HIGH
RELIABILITY. THE NOMINAL POWER OUTPUT WILL BE 100 WATTS WITH
SATISFACTORY OPERATION THROUGH THE 20 TO 100-WATT RANGE. THE POWER
AMPLIFIERS WILL BE DESIGNED FOR COMPATIBLE OPERATION THROUGH THE
INTELSAT IV SATELLITE RELAY COMMUNICATIONS SYSTEM. ENGINEERING
MODELS WILL BE CONSTRUCTED WHICH CAN BE USED IN THE INITIAL PHASE OF
FLIGHT QUALIFICATION" AND LIFE TEST PROGRAMS. IN ADDITION, EFFORTS
WILL BE UNDERTAKEN TO EXTEND THE C-BAND TECHNOLOGY TO K SUB U BAND.
PARALLEL EFFORT WILL ALSO ASSESS FEASIBILITY OF SOLID STATE
TECHNIQUES AT THESE POWER LEVELS.
RTOP NO. 115-21-10 TITLE: MICROWAVE NEAR EARTH COMMUNICATIONS AND
TRACKING
ORGANIZATION: 30DDARD SPACE FLIGHT CENTER" _
MONITOR: SIMAS, V. R. TEL. 301-982-4936
TECHNICAL SUMMARY
THE OBJECTIVE OF THE WORK UNDER THIS RTOP IS TO ACHIEVE
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TECHNOLOGICAL ADVANCES IN COMMUNICATION AND TRACKING SYSTEMS IN ORDER
TO SATISFY THE DEMANDING COMMUNICATION REQUIREMENTS FOR FUTURE SPACE
FLIGHT PROJECTS, SUCH AS SPACE STATION, EARTH OBSERVATION SATELLITE
(EOS) PROGRAM AND TDRS. THE CAPABILITY AND PERFORMANCE REQUIREMENTS
ON THE COMMUNICATION LINKS FOR THESE ADVANCED PROJECTS ARE
CHARACTERIZED BY HIGH DATA RATES (100 MHZ BANDWIDTH), SIMULTANEOUS
MULTI-LINK OPERATION AND RELIABLE LONG LIFE OPERATION. THE
ATTAINMENT OF THESE PARAMETERS WILL REQUIRE TECHNOLOGICAL ADVANCES IN
BOTH SPACECRAFT AND GROUND TERMINAL TECHNIQUES AND HARDWARE. 1)
HIGH POWER (10 WATT) EFFICIENT SOLID STATE SIGNAL SOURCES AT K SUB U
BAND WILL BE DEVELOPED. THIS WILL CIRCUMVENT THE LIABILITIES
ASSOCIATED WITH VACUUM TUBE TWTS, NAMELY LIMITED LIFE, SIZE AND
WEIGHT, AND HIGH VOLTAGES. 2) INCREASED ACCURACY AND SENSITIVITY OF
TRACKING _AND DATA SYSTEMS WILL BE ATTAINED BY IMPROVING SPACECRAFT
AND NETWORK PRIMARY FREQUENCY STANDARDS._ THE WORK HERE INVOLVES THE
DEVELOPMENT OF RUBIDIUM FREQUENCY STANDARDS AND A MINIATURE,
ULTRA-STABLE, FREQUENCY/PHASE STANDARD ATOMICALLY CONTROLLED USING
ADVANCED CONCEPTS OF ELECTRO DYNAMIC STORAGE OF REFERENCE IONS. 3)
THE PRESENTLY ~NVISIONED SPACE STATION COMMUNICATIONS SYSTEM HAS
ANTENNA REQUIREMENTS THAT MAY BE BEST FILLED BY THE USE OF PHASED
ARRAYS. THESE ANTENNA REQUIREMENTS WILL BE DETERMINED THROUGH
TRADE-OFF STUDIES AND AN APPROPRIATE PHASED ARRAY TECHNIQUE DEVELOPED
WHICH BEST SUlrS THE STATION-TO~MODULE AND STATION-TO-GROUND
COMMUNICATION LINKS.
RTOP NO. 115-21-11 TITLE: SPACE SHUTTLE LOW NOISE RECEIVER
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: DALLE MURA, P. H. TEL. 301-983-5036
TECHNICAL SUMMARY
THE SPACE SHUTTLE COMMUNICATION THROUGH SYNCHRONOUS SATELLITES
WILL REQUIRE INCREASED ANTENNA SIZES OR MORE SENSITIVE RECEIVING
SYST~MS. SINCE RE-ENTRY IS A FACTOR, IT IS OBVIOUS THAT THE LATTER
AREA OF CONCERN SHOULD BE DEVELOPED. THIS RTOP WILL DEVELOP A SPACE
QUALIFIED PARAMP TECHNOLOGY AT C-BAND, K SUB U BAND AND S-BAND. THE
C-BAND PARAMP WILL HAVE A NOISE FIGURE OF LESS THAN 2DB AND THEREBY
SIGNIFICANTLY REDUCE THE SIZE REQUIREMENT OF THE ANTENNA. THIS
EFFORT WILL BE PRIMARILY CONTRACT URAL WITH SOME EFFORT PERFORMED
IN-HOUSE. THE C-BAND UNIT MUST BE DEVELOPED COMPLETELY, WHEREAS THE
PROTOTYPE K SUB U BAND UNIT WILL BE DEVELOPED FOR THE TDRS PROGRAM.
THIS PROTOTYPE MUST THEN BE DEVELOPED THROUGH THE SPACE QUALIFICATION
SEGMENT. THE S-BAND UNIT HAS BEEN DEVELOPED THROUGH THE PROTOTYPE
STAGE FOR THE rDRS PROGRAM. THIS PROTOTYPE WILL BE EXTENDED THROUGH
A SPACE QUALIFICATION DEVELOPMENT PHASE.
RTOP NO. 115-21-20 TITLE: MICROWAVE DEEP SPACE COMMUNICATION AND
TRACKING
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL. R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE PURPOSE OF THIS ACTIVITY IS TO INCREASE THE COMMUNICATION
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CAPABILITY AND RELIABILITY OF MICROWAVE LINKS BETWEEN PLANETARY
SPACECRAFT AND EARTH DURING THE 1916-1986 PERIODo AN ADDITIONAL GOAL
IS TO DECREASE THE COST AND LEAD TIME OP PLANETARY TELECOMRUNICATIONS
BY DEVELOPING MULTIPLE-MISSION SUBSYSTEMS USEABLE FOR A WIDE VARIETY
OF PLANETARY AND INDEED OTHER NASA MISSIONS¢ IN FY¥72 e 60% OF THE
FUNDING OF THIS RTOP WILL BE EXPENDED ON THE VENUS-MERCURY S-X
EXPERIMENT0_ THIS EXPERIMENT~ A JOINT EFFORT WITH OTDA q WILL
DEMONSTRATE THE IMPROVEMENTS IN RADIO TRACKING PROVIDED BY HAVING TWO
MICROWAVE FREQUENCIES FROM SPACECRAFT TO EARTH WITH SIMULTANEOUS
COHERENT RANGE-DOPPLER ON BOTH LINKS. THE SIMULTANEOUS OPERATION OF
TWO FREQUENCIES ALLOWS THE EFFECT OF CHABGED PARTICLES IN THE
INTERVENING MEDIUM TO BE PRECISELY CALIBRATED, THUS ALLOWING THE MORE
PRECISE SPACECRAFT TRACKING NECESSARY IN PLANETARY ORBITERS AND
GRAVITY-ASSIST FLY-BIS SUCH AS TEE GRAND TOUR. THE S-X EXPERIMENT
WILL BE THE FIRST DEMONSTRATION OF THE UNIFIED DUAL-FREQUENCY (UDF)
TELECOMMUNICATION SYSTEM. A FEATURE OF THIS SYSTEM WHICH WILL NOT BE
DEMONSTRATED IN THE S-X EXPERIMENT IS THE USE OF X-BAND TELEMETRY TO
INCREASE DATA RATES. MUCH OF THE REMAINING WORK IN FY Q 72 ON THIS
RTOP IS CONCERNED WITH PROVIDING A STABLE, RELIABLE, LONG-LASTING
UNIFIED DUAL FREQUENCY RADIO DESIGN w EXCEPT FOR THE X-BAND TUBE? AND
WITH ACCOMMODATING THE HIGH DATA RATES SO PROVIDED. IN PARTICULAR R A
MULTICATHODE ELECTRON GUN IS BEING DEVELOPED JOINTLY WITH RTOP
115-21-21 TO PROVIDE LONG-LIFE TRANSMITTER CAPABILITY.
RTOP NO. 115-21~21 TITLE~ MICROWAVE COMMUNICATION FOR THE SPACE
STATION BASE
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL g R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS TO DEVISE A TECHNOLOGY TO SATISFY
THE REQUIREMENTS OF THE MANNED SPACE STATION UNIFIED MICROWAVE
COMMUNICATION SYSTEM. THE REQUIREMENTS ARE PRIMARILY LONG TERM
RELIABILITY [10 YEARS OR MORE) WITH A CAPABILITY OF EFFICIENTLY
HANDLING 100 MEGABITS/SECOND OF DATA COMING TO AND ~ROM MANY
DIFFERENT SOURCES g INCLUDING EARTH RESOURCES MODULES AND THE TRACKING
DATA RELAY SATELLITE NETWORK (TDRSN). WORK IS BEING DONE TO DEVELOP
AN EXTENSIVE TECHNOLOGY FOR TEE K SUB U BAND REGION OF THE FREQUENCY
SPECTRUM WHICH IS A MAJOR NASA SPACE STATION FREQUENCYN THIS
INCLUDES THE DEVELOPMENT AND TESTING OF HIGH GAIN FURLABLE CONICAL K
SUB U BAND ANTENNAS u AS WELL AS THE INVESTIGATION OF OTHER K SUB U
BAND ANTENNA C~NCEPTS. ALSO~ RELIABLE LONG-LIFE WIDEBAND
TRANSMITTERS WITH CATHODE REPLACEMENT ARE BEING DEVELOPED. THE
TRANSMITTER WORK INCLUDES THE MULTIPLE ELECTRON GUN (MEq CONCEPT FOR
HIGH-POWER HIGH-RATE COMMUNICATION TO EARTH VIA THE TDRSN. NEW
MODULATION/DEMJDULATION/DETECTION TECHNIQUES SUCH AS INTERPLEX FOR
EFPICIENT MULTIPLE SUBCARRIER TELEMETRY SYSTEMS ABE BEING DEVELOPED
AND EVALUATED IN THE LIGHT OF THE VERY HIGH DATA RATE REQUIREMENTS.
OPTIMUM MODULAr ION INDEX SELECTION RULES TO MINIMIZE CROSS-MODULATION
AND WAVEFORM DISTORTION LOSS ARE UNDER INVESTIGATION. INCLUDED ARE
STUDIES OF MULrIPLE SUBCABRIER SCHEMES FOR SUPPRESSED CARRIER SYSTEMS
AND DEVELOPMENr OF METHODS OF EXTRACTING THE SUBCARRIER FROM THE
MODULATION SIDEBANDS.
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RTOP NO. 115-21-50 TITLE: CODING FOR SPACE COMMUNICATIONS
ORGANIZATION : AMES RE SEIRe H CENTER·
MONI'rOR: FOSTER g J., V. TEL~ 0,15=°961-2261
TECHNICAL SUMMARY
DEVELOP ERROR DETECTION AND CORRECTION CODING TECHNIQUES
APPLICABLE TO TELEMETRY LINKS FOR A SPACE STATION/BASE w WITH
REQUIREMENTS FJR DATA RATES GREATER THAN 15 MBPS. INVESTIGATE
METHODS FOR EXTENDING THESE TECHNIQuES TO DATa RATES OF 50 MBPS.
STUDY THE APPLICABILITY OF CODING METHODS FOR COMMAND LINKS
ASSOCIATED WITH A SPACE STATION. INVESTIGATE HYBRID CODING
TECHNIQUES TO EXTEND PRESENT CODING GAINS FOR LOW DATA RATE PLANETARY
MISSIONS. THEJRETICAL STUDIES OF HIGH DATA RATE CODING HAVE BEEN
COMPLETED. DESIGN AND DEVELOFMENT OF PROTOTYPE DECODING w ENCODING.
AND DATA SIMULATION EQUIPMENT~ WITH AN OPERATIONAL CAPABILITY OF AT
LEAST 20 MBPS, IS UNDERWAY. DETAILED DESIGN OF PROMISING HYBRID
CODING TECHNIQUES WILL BE UNDERTAKEN FOR EVALUATION OF MOST EFFECTIVE
A.PPROACH.
RTOP NO. 115-22-04 TITLE: LARGE TELESCOPE TECHNOLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: MANGUS w J~ D. TEL~ 301~982-4532
TECHNICAL SUMMARY
A TELESCOPE TECHNOLOGY PROGRAM IS TO BE CONDUCTED USING IN-HOUSE
AND CONTRACT RESOURCES TO DEVELOP THE TECHNOLOGY REQUIRED TO
CONSTRUCT LARGE (ON THE ORDER OF 3~METER DIAMETER APERTURE) SPACE
BORNE OPTICAL rELESCOPES, THE PERFORMANCE OF WHICH ARE LIMITED ONLY
BY DIFFRACTION AND/OR THE STATISTICAL NOISE OF THE RADIATION
RECEIVERS IN THE ACCESSORY EQUIPMENTQ TECHNOLOGICAL PROBLEMS STUDIED
ARE THE SPECIFICATION OF LIMITS ON OPTICAL-MECHANICAL DESIGN
PARAMETERS AND THE DEVELOPMENT OF TECHNIQUES RELATED TO THE DESIGN w
FABRICATION AND CONSTRUCTION OF A LARGE TEIESCOPE IN' A ONE "Gn GROUND
BASED ENVIRONMENT e SUBSEQUENTLY SUBJ)~CTING IT TO A SEVERAL IiGl\ LAUNCH
ENVIRONMENT AND FINALLY OPERATING IT IN A DIFFRACTION LIMITED MODE IN
A ZERO "Gil SPACE ENVIRONI'lENT. THE ~nDE V1UUE'l'Y OF FACTORS ASSOCIATED
WITH EACH ENVIRONMENT THAT COULD ADVERSELY EFFECT TELESCOPE
PERFORMANCE ARE CONSIDERED AS COMPREHENSIVELY AS POSSIBLE THROUGHOUT
THE RESEARCH PROGRAM. SPECIFIC PROBLEMS TO BE STUDIED BY THIS TASK
INCLUDE: THE ANALYSIS OF CANDIDATE ~IRROR STRUCTURE CONFIGURATIONS
(LIGHTWEIGHT MJNOLITHIC~ ACTIVE ~HIN DEFORMABLE AND ACTIVE SEGMENTED)
ON AN ANALYTICAL P"ND EXPERIMENTAL BASIS; DEVELOPMENT OF A FOCAL PLANE
IMAGE ERROR SENSOR; DEVELOPMENT OF TELESCOPE CONFIGURATION
CONSTRAINTS; DEVELOPMENT OF OPTICAL ERROR BUDGETS; EVALUATION OF
OPTICAL SURFACE GENERATION AND POLISHING TECHNIQUES; DEVELOPMENT OF A
PRIMARY-SECONDARY MIRROR ALINEMENT SENSOR; INVESTIGATION OF ZERO "G"
AIRBORNE TESTING TECHNIQUES. COMPLETION OF THE VERTICAL TEST
FACILITY IS NOW PROJECTED TO BE IN JANUARY 1972$
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RTOP NO. 115... 22- 0 5 TITLE: (AIRBORNE VISIBLE LA SER OPTICAL
COMMUNICATIONS (AVLOC»
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: RANDALL, J. L.TES TEL. 205-453-3770
TECHNICAL SUMMARY
THE PURPOSE OF THE EXPERIMENT IS TO ESTABLISH ATWO-WAY LASER
COMMUNICATIONS LINK WITH ONE ENDLOCATED AT THE MSFC MADKIN MOUNTAIN
OPTICALTRACKIN3 STATION, WHILE THE OTHER END OF THE LINKWILL BE
PACKAGED IN THE BELLY OF AN RB-57FAIRCRAFT ORBITING OVER MADKIN
MOUNTAIN AT50,OOO-70,000 FEET. INITIAL ACQUISITION OF
THECORRESPONDING LASER BEAMS (BLUE-GREEN ARGON LASERBEAM UPLINK, RED
HELIUM-NEON LASER BEAM DOWNLINK) AND CONTINUOUS, CLOSED LOOP TRACKING
OF THE SAMEIS REQUIRED WITHIN THE EXPERIMENTAL PROCEDURE. THE OPTIONAL
COMMUNICATION MODES WILL INCLUDE A30-MEGABIT PSUDEO-RANDOM CODED DATA
LINK. THEOBJECTIVES OF THE EXPERIMENT ARE: (1) EVALUATIONOF
OPTICAL ACQUISITION AND TRACKING TECHNIQUES, ASWELL AS OPTICAL
COMMUNICATIONS SYSTEMS PERFORMANCEIN AN AEROSPACE ENVIRONMENT, AND
{2) DETER MINING TURBULENCE EFFECTS ON LASER BEAMS
PROPAGATINGVERTICALLY THROUGH THE ATMOSPHERE.----
RTOP NO. 115-22-06 TITLE: OPTICAL COMMUNICATION FLIGHT EXPERIMENT
(ATS-G)
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: RANDALL, J. L. TEL. 205-453-3770
TECHNICAL SUMMARY
THIS RESEARCH PRO~RAM IS DESIGNED TO DEVELOP AND IMPLEMENT A
FLIGHT PROGRAM TO PROVE THE CONCEPT OF OPTICAL COMMUNICATION (OP/COM)
IN SPACE USING SYNCHRONOUS AND LOW EARTH ORBITING SATELLITES. THIS
WILL ALSO INCLUDE THE DEVELOPMENT OF COMPONENTS AND TECHNIQUES
NECESSARY TO CARRY OUT THE FLIGHT EXPERIMENT PROGRAM. THE APPROACH
WILL BE TO USE THE RESULTS OF PREVIOUS STUDIES (OCEP) ON OP/COM AND
THE CURRENT AIRCRAFT OP/COM FLIGHT PROJECT TO DEVELOP AN INTEGRATED
AND WELL PLANNED SATELLITE FLIGHT PROGRAM. FOREMOST IN FY72 IS THE
INITIATION OF AN OP/COM EXPERIMENT FOR THE ATS-G SATELLITE~ INCLUDED
IN THE ATS-G OP/COM EXPERIMENT MUST BE THE EARLY DEVELOPMENT OF SPACE
QUALIFIED HARDWARE NECESSARY TO IMPLEMENT THE PROGRAM. PLANNING FOR
A LOW EARTH ORBIT OP/COM EXPERIMENT TO COMMUNICATE WITH THE ATS-G
WILL BEGIN IN FY72.
RTOP NO. 115- 22- 08 TITLE: OPTICAL COMMUNICATIONS AND TRACKING
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: CARRION, W. J. TEL. 301-982-4942
TECHNICAL SUMMARY
PROGRAM CON' DUCTS STUDIES AND' DEVELOPS TECHNOLOGY OF COMPONENTS,
SYSTEMS, AND OPERATIONAL TECHNIQUES FOR SPACECRAFT COMMUNICATION AND
TRACKING WITH LASERS. OPTICAL TECHNOLOGY IS DIRECTED TOWARD
SATISFYING NASA'S NEEDS FOR PRECISION TRACKING AND HIGH DATP. RATE
COMMUNICATION IN THE 1970 TO 1985 ERA. USING LATEST DEVELOP~ENTS
FROM CONTINUOUSLY CHANGING STATE-OF-THE-ART, PROOF-OF-CONCEPT MODELS
OF LASER TRANSMITTERS, RECEIVERS, MODULATORS, AND TELESCOPES, ARE
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DESIGNED AND CONSTRUCTED. PERFORMANCE OF COMPONENTS AND SYSTEMS IS
MEASURED IN LABORATORY AND FIELD STATIONS UNDER CONDITIONS IN WHICH
EFFECTS OF ENVIRONMENTAL PERTURBATIONS SUCH AS ATMOSPHERIC
PROPAGATION, A:OUSTIC VIBRATION, AND SOLAR RADIATION BACKGROUND CAN
BE STUDIED, LEADING TO THEORETICAL SYSTEMS ANALYSIS AND SELECTION OF
OPTIMUM COMPONENTS AND PARAMETERS. PROTOTYPE TRACKING AND
COMMUNICATION TERMINALS ARE DEVELOPED AND EMPLOYED IN EXPERIMENTS
WITH SATELLITE EQUIPMENT SUCH AS PASSIVE REFLECTORS, LASER DETECTORS,
AND RADIATING SOURCES, IN ORDER TO PROVE CGNCEPTS AND PROVIDE
BASELINE DATA FOR SPECIFIC APPLICATION DESIGNS. GSFC EMPHASIS IS ON
DEVELOPMENT AND EVALUATION OF COMPLETE OPERATIONAL SYSTEMS NEEDED FOR
SPACE LASER APPLICATIONS. FUNDAMENTAL RESEARCH IN DEVICES, COMPONENT
OPERATION, CONrROL SYSTEMS, AND ENVIRONMENTAL PROPERTIES ARE
PERFORMED WHEN NECESSARY FOR DIRECT SUPPORT OF SYSTEM DEVELOPMENT,
TEST, AND ANALYSIS.
RTOP NO. 115-22-09 TITLE: FLIGHT TEST OF LARGE TELESCOPE (LARGE
TELESCOPE TECHNOLOGY)
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER' .
MONITOR: RANDALL, J. L. TELe 205-453~3770
TECHNICAL SUMMARY
THIS RESEARCH PROGRAM WILL DEVELOP A FLIGHT PROJECT TO PROVE THE
TECHNOLOGY NEEDED FOR A THREE METER DIFFRACTION LIMITED OPTICAL
SPACECONCEPT OF THE TELESCOPE AND TO PROVIDE AN OBSERVATIONAL
TELESCOPE FOR SCIENTIFIC STUDY. LARGE. DIFFRACTION LIMITED OPTICAL
TELESCOPES REQITIRE MIRROR SURFACE ERRORS OF LESS THAN LAMBDA/50 RMS
AND POINTING ERRORS OF LESS THAN 1/100 ARC SEC. SUCH EXTREME
ACCURACY REQUIRES ACTIVE CONTROL OF THE PRIMARY MIRROR SURFACE AS
WELL AS ACTIVE CONTROL OF OTHER OPTICAL COMPONENTS WITHIN THE
TELESCOPE. THE FEASIBILITY OF CORRECTING TELESCOPE ERRORS THROUGH
ACTIVE CONTROL HAS BEEN DEMONSTRATED IN THE LABORATORY. THE FOLLOWING
AREAS OF TECHNJLOGY REQUIRE FURTHER DEVELOPMENT: FULLY AUTOMATIC
OPERATION INTEGRATED POINTING AND ACTIVE OPTICS CONTROL RELIABILITY
AND OPERATIONAL CONSIDERATIONS PROCEDURES FOR DESIGNING AND
PREDICTING PERFORMANCE OF FULL-SCALE FLIGHT TELESCOPES. IT IS
PLANNED IN THE COMING YEAR TO CONTINUE ANALYTICAL AND LABORATORY
INVESTIGATIONS OF ACTIVE FIGURE CONTROL USING SEGMENTED AND FLEXIBLE
MIRRO~S INCLUDING THE DEVELOPMENT OF CONTROL SCHEMES, FIGURE SENSING
TECHNIQUES, COMPUTER ALGORITHMS. THE OBJECTIVE IS TO IDENTIFY MAJOR
DESIGN PARAMETERS AND SYSTEM SENSITIVITY TO THESE PARAMETERS.
RTOP NO. 115-23-10 TITLE: AU~OMATED DATA HANDLING TECHNIQUES AND
COMPONENTS
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: SCHAEFER, D. H. TEL. 301-982-5184
TECHNICAL SUMMARY
OPERATIONAL EARTH RESOURCE MISSIONS WILL SENSE A VERY LARGE
NUMBER OF IMAGES IN MANY SPECTRAL REGIONS. IT HAS BEEN ESTIMATED
THAT SENSORS MAY BE RECEIVING INPUTS AT A TOTAL RATE EQUIVALENT TO 10
TO THE 12TH PO~ER BITS PER SECOND. IN ORDER TO EFFECTIVELY UTILIZE
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THIS AVALANCHE OF INFORMATION q DATA REDUCTION ON-BOARD THE ANALYSIS
OF DATA GENERIUED IN EAR'fH RESOURCE MISSIONSo THE DEVELOPMENT OF
THESE METHODS SHOULD ALSO ASSIST OTHER NASI MISSIONS INCLUDING
MISSIONS AROUND PLANETS OTHER THAN THE EARTH. THREE PRINCIPAL AREAS
WILL BE INVESTIGATED. THE FIRST AREA IS THE DEVELOPMENT OF HYBRID
OPTICAL-DIGITAL METHODS OF PERFORMING DATA ANALYSIS. THIS WILL ALLOW
THE ANALYSIS OP IMAGES IN A "PARALLEL" MANNER (I.E., WHERE NO
SCANNING IS INVOLVED). THE SECOND AREA IS THE DEVELOPMENT OF
ADVANCED DIGITAL METHODS OF PROCESSING DATAc THIS INCLUDES THE
DEVELOPMENT OF MINIMAL PROGRAMMABLE COMPUTING DEVICES AS WELL AS THE
DEVELOPI'i'lHt'r OF A MICRO-PROCESSOR Cor1PUTER~
R~rop NO. 115- 23-2 0 TITLE: AD VANCED DIGITAL DATA SYSTEI1 S FOR DEEP
SPACE
ORGANIZATION~ JET PROPULSION LABORATORY
MONITOR: POWELL v R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE GOAL OF THE WORK IN THIS PLAN IS TO DEVELOP THE CONCEPTS AND
TECHNOLOGY TO DESIGN AND BUILD CENTRALIZED SPACECRAFT DATA SYSTEMS TO
PERFORM THE FUNCTIONS OF TIMING g SEQUENCING F CONTROL AND AUTOMATIC
MAINTENANCE OF SPACECRAFT AS WELL AS ACQUISITION AND PROCESSING OF
SCIENTIFIC AND ENGINEERING DATA. WORK IS PRIMARILY AIMED TOWARD
PROJECTED MISSIONS TO THE OUTER PLANETS; FOR EXAMPLE u PREVIOUS WORK
WILL BE EXTENSIVELY USED IN THE GRAND TOUR q ALTHOUGH IT WILL BENEFIT
OTHER NASA PROGRAMS IN SPACE AND AERONAUTICS AND FIND APPLICATIONS
ANYWHERE WHERE ADAPTABILITY AND UNATTENDED FAULT-FREE OPERATIONS ARE
REQUIRED~ MAJOR PROBLEMS ARE TO PROVIDE SUFFICIENT RELIABILITY TO
GUARANTEE ALL CRITICAL FUNCTIONS FOR 10-20 YEAR LIFETIME AND TO
PROVIDE FLEXIBILITY FOR AUTOMATIC ADAPTATION TO CHANGES IN
ENVIRONMENT AND GROUND CONTROL OF RECONFIGURATION IN CASE OF CHANGES
IN MISSION STRATEGY. THE OVERALL RATIONALE IS DESCRIBED IN JPL
DIVISION 36 DOCUMENT "PLAN FOR SPACECRAFT-DATI-SYSTEM DEVELOPMENT"
(REF. 1). FOR FY 72 THE TECHNICAL PLAN IS A CONTINUATION OF WORK NOW
IN PROGRESS AND CONSISTS OF: (1) CONTINUED DEVELOPMENT OF
FAULT-TOLERANT COMPUTER TECHNIQUES AND THE SELF-TE~TING-AND-REPAIRING
(STAR) COMPUTER AND IN TURN ITS USE TO MAKE THE OTHER SPACECRAFT
SUBSYSTEMS FAUL'l'-TOLERANT~ (2) DEVELOPMENT OF SPACECRAFT
DATA-PROCESSING AND COMPRESSION ALGORITHMS AND FURTHER DEVELOPMENT OF
THE COMPUTER AIDED TELEMETRY SYSTEM~ (3) FURTHER DEVELOPMENT OF LARGE
SCALE INTEGRATION TECHNOLOGY USING CHARGE STORAGE TRANSISTORS FOR
~EMORY AND ADAPTIVE LOGIC TOGETHER WITH HIGH DENSITY STORAGE USING
THIN MANGANESE-BISMUTH FILMS~ AND (4) DEVELOPMENT OF MATHEMATICAL
SYNTHESIS TECHNIQUESFOR OPTIMUM SPACECRAFT DATA SYSTEMS----
RTOP NO. 115-23-30 TITLE: CENTRAL MULTIPROCESSOR AND MAN/MACHINE
TECHNIQUES
ORGANIZATION: MANNED SPACECRAFT CENTER _
MONITOR: WELDON g J. W. TEL. 713-483-4065
TECHNICAL SUMMARY
THE PRESENr CONCEPT OF A SPACE STATION/BASE AS A PERMANENT
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FACILITY (10 YEAR LIFE) IMPLIES SELF-CONTAINED AUTONOMOUS OPERATIONS~
THIS REQUIRES PERFORMING ONEOARD FUNCTIONS WHICH WERE PREVIOUSLY
PERFORMED ON THE GROUND SUCH AS STATUSING OPERATIONS e INTEGRATED
SUBSYSTEM CHECKOUT g PROCESS CONTROL w AND SCIENTIFIC DATA EDITING AND
PROCESSING. THE ONBOARD COMPUTATIONAL CAPABILITY REQUIRED TO
ACCOMPLISR THESE FUNCTIONS ONBOARD GREATLY EXCEEDS ANY PREVIOUS
FLIGHT COMPUTArI3NAL REQUIREMENTS~ THE DESIGN AND DEVELOPMENT OF A
HIGH CAPACITY, HIGH SPEED g FAULT TOLERANT@ SPACE FLIGHT
MULTIPROCESSOR COMPUTER SYSTEM TO PERFORM THE ONEOARD COMPUTATIONS IS
RECOGNIZED AS A CRITICAL TECHNOLOGY AREA. TO ASSURE THE AVAILABILITY
OF THIS CRITICAL TECRNOLOGY u THIS EFFORT WILL RESULT IN THE
DEVELOPMENT OF MAN/MACHINE M/P COMMUNICATIONS TECHNIQUES f THE DESIGN
OF AN AEROSPACE MULTIPROCESSOR g AND THE AVAILABILITY OF MULTICOMPUTER
SYSTEM FOR IN-HOUSE EVALUATION OF PRELIMINARY ~ULTIPROCESSOR CONCEPTS
AND APPLICATIONS. THIS RTOP (115-23-30) IS A CONTINUATION OF RTOP
(125-23-15) ACTIVITY STARTED IN FY-71" THE MAN/MACHINE
COMMUNICATIONS TECHNIQUES STUDY WILL PROVIDE A DISPLAY DEVICE CAPABLE
OF PRESENTING THE WIDE VARIETY OF ALPHANUMERIC/GRAPHIC DATA REQUIRED
ON A SPACE STAfION. THE ADDITIONAL MEMORY REQUIRED FOR FULL GRAPHIC
CAPABILITIES AND THE SOFTWARE NECESSARY TO COMMUNICATE WITH THE
CENTRAL MULTIPROCESSOR. THE BUFFER I/O SYSTEM WHICH WILL INTERFACE
WITH EXTERNAL MEMORY OF THE MULTIPROCESSOR/MULTICOMPUTER SYSTEM IS TO
BE EVALUATED IN ITS ABILITY TO DETECT ERROR~ RECOVER FROM FAULTS AND
HANDLE SYNCHRONOUS/ASYNCHRONOUS COMPUTER I/O OPERATIORS.
RTOP NO. 115-23-31 TITLE: ADVANCED COMPUTER SYSTEM TECHNIQUES FOR
DATA MANAGEMENT SYSTEMS
ORGANIZATION~ MANNED SPACECRAFT CENTER
MONITOR: MARLOWE q G. D. TEL. 713-483-6196
TECHNICAL SUMMARY
THE INCREASED AUTONOMY REQUIREMENTS FOR THE SPACE SHUTTLE HAVE
SIGNIFICANTLY INCREASED THE ROLE OF ONBOARD COMPUTERSQ THE RESULTANT
INCREASED COMPLEXITY OF THE ONBOARD SYSTEMS REQUIRES THAT ADDITIONAL
EMPHASIS BE PL~CED UPON THE COMPUTER OPERATING SYSTEM DESIGN AND
VERIFICATION TJ ASSURE DELIVERY WITHIN SHUTTLE SCHEDULES AND COST
OBJECTIVES. THIS OBJECTIVE CAN ONLY BE ACHIEVED BY RECOGNIZING THE
INTER~DEPENDENCE OF HARDWARE~ THE COMPUTER SYSTEM AND FUNCTIONAL
SYSTEM APPLICArIONS. THE OBJECTIVE OF THIS EFFORT IS TO PROVIDE THE
NECESSARY EMPHASIS ON THE TOTAL SYSTEM DESIGN AND VERIFICATION TO
ASSURE THAT THIS INTER-DEPENDENCE IS ACCOUNTED FOR IN THE FINAL
SHUTTLE SYSTEM. THE STUDY APPROACH INCLUDES THE UTILIZATION OF FY~70
AND FY-71 TECHNOLOGY EFFORTS~ THIS WILL BE ACCOMPLISHED BY
EVALUATING THE TWO EXECUTIVE DESIGNS PROVIDED UNDER FY-71 FUNDING AND
SELECTING THE JPTIMUM APPROACH WHICH IS CONSISTENT WITH THE AVIONICS
HARDWARE CONFIGURATION AT THE TIME OF CONTRACT AWARD. DETAILED
SPECIFICATIONS WILL BE ESTABLISHED. USING THE FY-71 VERIFICATION
STUDIES AS A BASELINE. A MASTER VERIFICATION PLAN WILL BE GENERATED
WHICH WILL INCLUDE VERIFICATION PHASES q HARDWARE, FACILITIES AND
CONFIGURATION ~ANAGEMENT PLANNING.
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RTOP NO; 115-23-40 TITLE: SPACE STATION OPTICAL MASS MEMORY SYSTEM
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER,
MONITOR: BAILEY, G. A. TEL. 205~453-3770
TECHNICAL SUMMARY
A MASS MEMJRY SYSTEM IS REQUIRED FOR THE SPACE STATION/SPACE
BASE SYSTEM OF 1976 THAT COMPLETELY DWARFS EXISTING SYSTEMS IN TERMS
OF CAPACITY, SPEED, POWER REQUIREMENTS, SIZE, ETC. IT WOULD BE A
RANDOM ACCESS, READ-WRITE MEMORY OF 10 TO THE 12TH POWER BITS
CAPACITY WITH NO MOVING PARTS. IT HAS LONG BEEN KNOWN THAT FOR
MEMORIES OF THIS CAPACITY, TO KEEP OTHER PARAMETERS REASONABLE,
EITHER SOME OprICAL OR ELECTRON BEAM TECHNIQUE WOULD BE EMPLOYED.
THE READ-WRITE REQUIREMENT OBVIATES THE USE OF E-BEAM TECHNOLOGY
SINCE THERE IS NO KNOWN MEANS OF STORING BY E-BEAMS IN AN ERASABLE
MEDIUM. ADDITIONALLY. THE SUCCESS OF AN OPTICAL SYSTEM WOULD DEPEND
UPON THE EFFICIENT INTERACTION OF THE LIGHT SOURCE, THE ACCESSION
SYSTEM, THE INPUT-OUTPUT SYSTEM, AND THE STORAGE MEDIUM. OPTICAL
MEMORY SYSTEMS IN THE PAST HAVE FAILED DUE TO ONE OR MORE OF THE
ABOVE FACTORS. FOR INSTANCE, THE STORAGE MEDIUM MUST HAVE VERY HIGH
DATA STORAGE DENSITY IF VERY LARGE CAPACITIES ARE STORED WITHIN
REASONABLE DIMENSIONS. PAST SYSTEMS HAVE REQUIRED A PERFECT STORAGE
MEDIUM TO KEEP EIT ERROR RATES LOW. HOWEVER, IF STORAGE IS
IMPLEMENTED BY HOLOGRAPHIC MEANS, A PERFECT MEDIUM IS NOT REQUIRED.
IN ADDITION, BY STORING THE INFORMATION IN TWO STEPS (COMPOUND
ADDRESSING) THE HIGH RESOLUTION OF HOLOGRAPHIC RECORDING CAN BE
MAINTAINED. SEVERAL YEARS OF EFFORT HAVE BEEN DEVOTED BY INDUSTRY ON
THE DEVELOPMENr OF LASER SYSTEMS, BEAM DEFLECTION SYSTEMS,
HOLOGRAPHIC TECHNIQUES, RECORDING MATERIALS, LARGE PHOTODETECTOR
ARRAYS, AND LIGHT MODULATOBS. MOST OF THIS WORK WAS DONE
INDEPENDENTLY IN EACH OF THESE COMPONENTS AND ONLY RECENTLY HAS IT
BEEN POSSIBLE TO DISCUSS THE FEASIBILITY OF COMBINING TECHNIQUES TO
OBTAIN ALlRGE STORAGE/FAST ACCESSION SYSTEM----
RTOP NO. 115-24-01 TITLE: HIGH TEMPERATURE SENSORS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP MEASUREMENT TECHNIQUES
AND INSTRUMENTATION TO DETERMINE THE EFFECT OF THE REENTRY
ENVIRONMENT ON STRUCTURES USED IN THE SPACE SHUTTLE. SPECIFIC EFFORTS
WILL BE MADE TO DEVELOP HEAT TRANSFER SENSORS, STRAIN MEASUREMENTS
WITH EXTENDED UPPER TEMPERATURE PERFORMANCE, AND DYNAMIC DISPLACEMENT
MEASUREMENT TECHNIQUES FOR ANALYZING THE PERFORMANCE OF VARIOUS PANEL
DESIGNS UNDER BOTH VIBRATION AND THERMAL LOADS. THIS WORK IS
ESSENTIAL TO THE DEVELOPMENT OF EFFICIENT LOAD BEARING STRUCTURES
WHICH MEET AERODYNAMIC REQUIREMENTS AND CAN WITHSTAND REPEATED
HIGH-TEMPERATURE EXPOSURE WITHOUT IMPOSING SEVERE WEIGHT PENALTIES ON
THE VEHICLE.
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RTOP NO. 115-24-02 TITLE: SPACE SHUTTLE: HIGH SPECIFICITY GAS
ANALYSIS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ROBERTS, L.TES TEL. 415-961-2286
TECHNICAL SUMMARY
INSTRUMENTATION WILL BE DEVELOPED TO DETECTGASEOUS CONTAMINATS
IN SPACE SHUTTLE CABINATMOSPHERES WITH THE REQUIRED SENSITIVITY
ANDSPECIFICITY. A PROGRAM HAS BEEN UNDERWAY AT AMESBOTH IN-HOUSE AND
THROUGH A CONTRACTOR, TODEVELOP ONE TYPE OF SUCH INSTRUMENTATION
BASED ONNEW CONCEPTS IN THE AREA OF NON-DISPERSIVEINFRARED ANALYSIS
(NDIR). IN ADDITION TODEVELOPING A FLIGHT-QUALIFIED
INSTRUMENT,FUNDAMENTAL STUDIES OF THE TECHNIQUE WILLCONTINUE WITH THE
AIM OF INCREASING SENSITIVITYAND APPLICABILITY. THE SPACE SHUTTLE
WILL INVOLVEA CLOSED SYSTEM IN WHICH HUMAN BEINGS MUST LIVE
ININTIMATE CONTACT WITH A NUMBER OF COMPLEX CHEMICA1COMPOUNDS. YEARS
OF EXTENSIVE TESTING HAVEELIMINATED, HOPEFULLY, ALL OF THE
HAZARDOUSCOMPOUNDS WHICH COULD BE EXPECTED IN THESPACECRAFT STRUCTURE
AND SYSTEMS UNDER NORMALCONDITIONS. HOWEVER, NORMAL CONDITIONS
CANNOT BEGUARANTEED IN SPACE MISSIONS. FOR THIS REASON ANUMBER OF
POSSIBILITIES ARE BEING EXPLORED TOEXAMINE THE TOXIC HAZARDS TO BE
EXPECTED IN ACJNDITION OF MALFUNCTION. SEVERAL CHEMICALCOMPOUNDS
HAVE BEEN IDENTIFIED AS BEING----
RTOP NO. 115-24-03 TITLE: STUDY OF A VEHICLE STATUS AND MONITORING
SYSTEM CONCEPT
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: LOVE, J. E. TEL. 805-258-3311
TECHNICAL SUMMARY
A STATE-OF-THE-ART SYSTEM DESIGNED FOR MONITORING AND CONTINUOUS
INFLIGHT RECORDING OF PARAMETERS WHICH DETERMINE THE OPERATIONAL
STATUS OF A VEHICLE WILL BE FLIGHT TESTED IN A HIGH PERFORMANCE JET
AIRCRAFT. AFTER EACH FLIGHT, A QUICK ANALYSIS IS PERFORMED BY
COMPUTER PROCESSING OF THE DIGITIZED MAGNETIC FLIGHT TAPE.
OPERATIONAL DISCREPANCIES ARE DETECTED AND IDENTIFIED WHEN SENSED
QUANTITIES EXCEED PREDETERMINED THRESHOLDS AS INSERTED INTO THE
COMPUTER FOR ANALYSIS. THE TAPE ALSO SERVES AS A HISTORY OF
OPER~TION FROM WHICH PREDICTIONS OF MALFUNCTION OR FAILURE CAN BE
MADE FROM LONG-TERM (SEVERAL HUNDRED HOURS OF FLIGHT) PARAMETRIC
TREND ANALYSIS. THE FLIGHT EXPERIENCE AND DATA ACCUMULATED WILL
PROVIDE BASIC INFORMATION FOR SYSTEM REQUIREMENTS FOR THE SPACE
SHUTTLE VEHICLE TO ACHIEVE SHORT TURNAROUND TIME BY AUTOMATIC SYSTEM
TESTING, FAULT LOCATION, AND CHECKOUT. THE OBJECTIVE IS ALSO TO
DEMONSTRATE THE ABILITY TO REFLY THE ENGINE-INLET SYSTEM BASED UPON
DATA FROM THE LAST ~IGHT WITH LITTLE OR NO FORMAL GROUND PREFLIGHT
OF THAT SYSTEM.
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RTOP NO. 115-24-04 TITLE: INSTRUMENTATION/SENSORS
ORGANIZATION: MANNED SPACECRAFT CENTER -
MONITOR: ALEXANDER, Jo Do TELft 713-483-3466
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO DEVELOP THE TECHNOLOGY, DESIGN,
AND FABRICATE A PROTOTYPE SYSTEM, AND TO PERFOR ~1 EVA-LUA TION TESTS OF
A ZERO G LIQUID QUANTITY GAUGING SYSTEM THAT IS SUITABLE FOR USE ON
THE SPACE SHUTTLEo THE PROBLEM OF GAUGING A LIQUID IN ZERO G IS ONE
OF EITHER PRODUCING AN ARTIFICIAL GRAVITY BY ACCELERATION AND USING
MORE CONVENTIO~AL METERING, WHICH USES MORE PROPELLANT, OR USAGE
CALCULATIONS WHICH CANNOT ACCOUNT FOR LOSSES DUE TO FAILURE OR
MALFUNCTION. AN INHOUSE STUDY AND EVALUATION OF.GAUGING SYSTEM
TECHNIQUES CONCLUDED THAT THE NUCLEAR ABSORPTION TECHNIQUE WAS THE
MOST PROMISING. THIS METHOD WILL INHERENTLY PROVIDE TOTAl, f1ASS
MEASUREMENT OF ANY SUBSTANCE REGARDLESS OF ITS PHYSICAL PHASE (SOLID,
LIQUID g OR GAS) c FOR THE SPACE SHUTTLEjf THE MAXIMUM TANK SIZE THAT
CAN BE METERED BY THIS TECHNIQUE IS DETERMINED BY THE ABSORPTION
COEFFICIENTS OF THE PROPELLANT~ DETECTOR DYNAMIC RANGE, AND SOURCE
STRENGTH CONSIDERATIONS~ LIQUID OXYGEN (LOX) TANKS ARE RESTRICTED TO
A DIAMETER OF 10 FEET OR LESS WITH PRESENT TECHNIQUES AND SOURCE
STRENGTH LIMITATIONS. FURTHER~ THE TEMPERATURE RANGE OVER WHICH THE
DETECTORS MUST. PERFORM MAKES PRESENT MATERIALS MARGINAL IN THEIR
PERFORMANCE. RECENTLY COMPLETED MATERIALS RESEARCH INDICATES THAT THE
MATERIALS AND TECHNIQUES ARE AVAILABLE, AND A NEAR OPTIMUM DETECTOR
CAN BE DEVELOPED WITHIN THE TIME SCHEDULES. AT LEAST TWO METHODS OF
DEVELOPING VARIABLE INTENSITY SOURCES ARE AVAILABLE TO SOLVE THE
PROBLEM OF HIGH DENSITY PROPELLANT PENETRATION WITHOUT EXCEEDING THE
DETECTOR'S DYNAMIC RANGE OR POSING A RADIATION HAZARD TO THE CREW OR
SERVICE PERSONNEL WHEN THE TANKS ARE EMPTY.
RTOP NO. 115-24-05 TITLE: SHUTTLE SENSORS & INSTRUMENTATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: ESCUE, W. Tc TEL. 205-453-4626
TECHNICAL SUMMARY
THE TECHNOLOGY BEING CONDUCTED IN THE AREAS OF ~IR DATA SENSORS~
ZERO "G" QUANTITY MEASUREMENT AND PROPELLANT UTILIZATION/LOADING
SENSORS IS AN EXTENSION OF WORK BEING CONDUCTED UNDER RTOP 125~24-19q
SHUTTLE SENSORS AND INSTRUMENTATION. THIS TECHNOLOGY HAS THE
OBJECTIVE OF MEETING THE SHUTTLE OPERATING REQUIREMENTS FOR THESE
VITAL MEASUREMENTS. GAS ANALYSIS INSTRUMENTATION FOR THE SHUTTLE
ENVIRONMENTAL :ONTROL SYSTEM WILL BE PURSUED FOR 02 AND C02 ALONG
WITH TOXIC GAS DETECTION AND ABORT SITUATIONS FOR H2, NO, COg CH4
ETC. THE IPS ENGINE TESTING WILL REQUIRE A MASS FLOW DEVICE CAPABLE
OF MEASURING 02 AND H2 FLOW FOR PULSE WIDTHS OF 50 MILLISECONDS o
THIS INSTRUMENT IS VERY VITAL TO APS ENGINE AND CONTROL SYSTEM
EVALUATION.
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RTOP NO. 115-24-06 TITLE: ADVANCED IMAGING SYSTEMS TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY,
MONITOR: POWELL e R~ V~ TEL. 213~354-6586
TECHNICAL SUMMARY
THE LONG TERM OBJECTIVE OF THIS RTOP IS THE DEVELOPMENT OF
IMAGING SYSTEM ENABLING TECHNOLOGY TO MEET THE ANTICIPATED
REQUIREMENTS OF FUTURE PLANETARY IMAGING MISSIONS. THE GENERAL
APPROACH INCLUDES THE STUDY OF FUTURE MISSIONS AS A SOURCE FOR THE
POSTULATION OF FUTURE IMAGING REQUIREMENTS w THE STUDY OF CURRENT AND
PROJECTED IMAGING TECHNOLOGY AS A MEANS OF ESTABLISHING A STATE OF
THE ART BASELINE~ AND THE IMPLEMENTATION OF SPECIFIC TECHNOLOGY
DEVELOPMENT TASKS TO PROVIDE THE DESIRED ENABLING TECHNOLOGY. WHILE
THE PURPOSE OF THIS RTOP IS TO PROVIDE FOR LONG TERM BEQUIREMENTS w
CONSIDERATION ~ILL BE GIVEN TO DIVERTING THE EFFORT, ON AN INTERIM
BASIS~ TO MEET CRITICAL NEAR TERM REQUIREMENTS. THE CURRENT EFFORT
IS DEVOTED TO MEETING SUCH A REQUIREMENT, NAMELY, THE DEVELOPMENT OF
SILICON SENSOR TECHNOLOGY TO ATTEMPT TO MEET THE NEEDS OF THE OUTER
PLANET MISSIONS IN THE MIDDLE AND LATE 1970'S. THE BASIS FOR THE
DEVELOPMENT OF SILICON SENSOR TECHNOLOGY IS REPORTED IN JPL DOCUMENT
NO. 701~94~ ADVANCED IMAGING SYSTEMS TECHNOLOGY STUDY g DATED
SEPTEMBER 30, 1970. THIS REPORT POINTS OUT THE ABSENCE OF AVAILABLE
TECHNOLOGY TO MEET THE SENSOR NEEDS OF THE OUTER PLANET MISSIONS g
PARTICULARLY IN THE AREAS OF SENSITIVITY AND LONG LIFE. THE
RECOMMENDATION WAS MADE, AND HAS BEEN IMPLEMENTED, TO INITIATE
DEVELOPMENT OF THE NECESSARY ENABLING TECHNOLOGY BY MEANS OF A SENSOR
DEVELOPMENT CONTRACTe THE EFFORT INCLUDES DEVELOPMENT OF SILICON
TARGETS WHICH ~ILL SURVIVE TEMPORARY EXPOSURE TO THE JUPITER
RADIATION BELTS w AND THE DESIGN u DEVELOPMENT, AND TEST OF
EXPERIMENTAL SILICON VIDICONS AND SILICON INTENSIFIER VIDICONSe
RTOP NO. 115-24-07 TITLE: ASTRONOMICAL INSTRUMENTATION AND IMAGE
RECORDING SYSTEMS FOR HIGH PERFORMANCE
AND DIFFRACTION LIMITED SPACE TELESCOPES
OF.GANIZATION~ GODDARD SPACE FLIGHT CENTER
MONITOR~ DUNKEL~AN¥ L. TELe 301-982-4988
TECHNICAL SUMMARY
THE PURPOSE OF THIS EFFORT IS TO DEVELOP HIGH PERFORMANCE
OPTICAL IMAGE RECORDING SYSTEM(S) FOR ADVANCED ASTRONOMICAL SPACE
TELESCOPES. IN ORDER TO REALIZE THE OBSERVATIONAL POTENTIAL OF THE
LARGE SPACE TELESCOPE, CURRENT TECHNOLOGY MUST BE MODIFIED, EXTENDED v
AND IMPROVED TO PROVIDE THE FULL RANGE OF DETECTORS REQUIRED. THIS
RTOP PROVIDES THE FRAMEWORK FOR THAT TASK. EMPHASIS IS PLACED ON
ELECTRO-OPTICAL DETECTION TECHNIQUES IN ORDER TO PROVIDE HIGH QUANTUM
DETECTIVITY, DESIRED SPECTRAL RESPONSE AND THE CAPABILITY OF
ELECTRONIC READOUT. OTHER CHARACTERISTICS SUCH AS RESOLUTION,
FORMAT, MAGNIFICATION r AND IMAGE CONTROL MUST BE MATCHED TO SPACE
TELESCOPE INSTRUMENTATION REQUIREMENTS WHICH ARE BEING DEVELOPED
SIMULTANEOUSLY. THESE TECHNIQUES IN CONJUNCTION WITH REAL-TIME IMAGE
PROCESSING ARE USED TO ENHANCE THE SYSTEM PERFORMANCE AND INCREASE
THE DESIGN CAPABILITY OF THE SPACE TELESCOPES.
67
RTOP NO. 115-24-08 TITLE: SOLID STATE SENSORS
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: GRAVES, JR., G. B. TEL. 703-827-3745
TECHNICAL SUMM~RY
THE OBJECTIVE IS TO DEVELOP AN ADVANCED SOLID-STATE SENSOR
TECHNOLOGY AND SENSORS EOR SPECIEIC AEROSPACE MEASUREMENT
REQUIREMENTS. SOLID-STATE TECHNIQUES WILL BE USED WHICH PROVIDE CLEAR
ADVANTAGES OVER EXISTING METHODS, FOR EXAMPLE, SMALLER SIZE, HIGHER
RELIABILITY, AND GREATER SENSITIVITY. SPECIFIC EFFORTS INCLUDE
RADIATION DOPED PHOTODETECTORSWITH EXTENDED INFRARED RESPONSE, NEW
METAL ALLOY STRAIN SENSORS FOR USE ON HIGH TEMPERATURE STRUCTURES,
PRESSURE AND HUMIDITY SENSORS WITH IMPROVED SENSITIVITY
CHARACTERISTICS, AND GAS SENSORS BASED ON GAS-SOLID SURFACE
REACTIONS. NEW DESIGN CONCEPTS INCORPORATING PHOTODETECTOR ARRAYS
WILL BE USED TO IMPROVE THE SPATIAL RESOLUTION AND TO ADD
SPECTROMETRIC CAPABILITY TO THE IMAGING SYSTEMS NEEDED FOR FUTURE
PLANETARY MISSIONS (VIKING). SUCH IMPROVEMENTS WOULD SIGNIFICANTLY
INCREASE THE SCIENTIFIC RETURN FROM MISSIONS TO MARS AND OTHER
PLANETS.
RTOP NO. 115-24-09 TITLE: LASERS FOR REMOTE SENSING AND OPTICAL
DATA PROCESSING
-ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: GRAVESJ Go B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE BASIC JBJECTIVE OF THIS RESEARCH IS TO DEVELOP LASER
TECHNOLOGY WHICH RELATES TO NASA RESEARCH PROGRAMS AND REQUIREMENTS
IN ACTIVE REMOTE SENSING OF EARTH AND PLANETARY ENVIRONMENTS; OPTICAL
RANGING AND ALTIMETRY; AND OPTICAL DATA PROCESSING AND STORAGE
TECHNIQUES. TECHNOLOGY AREAS TO BE INVESTIGATED ARE: (1) TUNABLE
DYE LASERS FOR USE IN LASER RADAR SCATTERING MEASUREMENTS OF
CONSTITUENT AND POLLUTANT DISTRIBUTIONS IN THE ATMOSPHERE AND IN
BODIES OF WATER; (2) CONTINUOUSLY TUNABLE PARAMETRIC DEVICES FOR USE
IN RESONANCE ABSORPTION AND FLUORESCENCE STUDIES OF ATMOSPHERIC
CONSTITUENTS; (3) AN AIRBORNE HYDROGRAPHIC LASER RADAR SYSTEM FOR
MEASUREMENT OF OCEAN DEPTH, FERTILITY, AND TURBIDITY; AND (4)
JUNCTION LASERS WITH IMPROVED PERFORMANCE FOR USE IN SPECTROSCOPIC
INSTRUMENTATION; OPTICAL RANGING; AND OPTICAL DATA PROCESSING SYSTEMS
WHERE SMALL SIZE, COHERENCE, EFFICIENCY, AND RELIABILITY ARE PRIMARY
CONSTRAINTS. IMPROVEMENTS IN POWER OUTPUT AND NEAR UV PERFORMANCE OF
TUNABLE DYE LASERS WILL BE ACHIEVED THROUGH DEVELOPMENT OF SPECIAL
DYES AND FREQUENCY DOUBLING TECHNIQUES. PARAMETRIC OSCILLATOR AND
AMPLIFIER TECHNIQUES EMPLOYING NEW NONLINEAR CRYSTALS WILL BE
INVESTIGATED T~ EXTEND LASER EMISSION INTO THE INFRARED REGIME. THE
DEVELOPMENT OF AN AIRBORNE HYDROGRAPHIC LASER SYSTEM WILL INVOLVE THE
INVES~IGATION JF DYE LASER LIGHT PROPAGATION AND PHYTOPLANKTON
INDUCED FLUORESCENCE YIELDS IN SEAWATER, SYSTEM DESIGN OPTIMIZATION,
AND SUBSEQUENT FABRICATION AND TESTING OF A PROTOTYPE HYDROGRAPHIC
LASER SYSTEM. IMPROVEMENTS IN JUNCTION LASER TECHNOLOGY WILL EVOLVE
THROUGH THE INVESTIGATION ~ND DEVELOPMENT OF NEWHETEROJUNCTJON
MATERIALS AND DEVICES WITH BAND----
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RTOP NOe 115-25-01 TITLE: ELECTRONIC MATERIALS, COMPONENTS, AND
PROCESSES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
EFFORTS WILL BE UNDERTAKEN ON SELECTED AREAS OF ELECTRONIC
MATERIALS RESEARCH, COMPONENT DEVELOPMENT, AND PROCESSING TECHNIQUES
FOR ADVANCED DEVICES AND CIRCUITS. EMPHASIS IS PLACED ON PROVIDING
TECHNOLOGY FOR UNIQUE AERONAUTICAL AND SPACE MISSION NEEDS WHICH ARE
NOT LIKELY TO BE MET BY RESEARCH NORMALLY CARRIED OUT BY INDUSTRY.
CONTRACTUAL RESEARCH EFFORTS ARE UTILIZED FOR MAJOR PORTIONS OF THIS
WORK; HOWEVER, RELATED LABORATORY RESEARCH AND EVALUATION PROGRAMS
ARE UNDER~AKEN IN-HOUSE. CURRENT EFFORT ON ELECTRONIC MATERIALS
INCLUDES RESEARCH ON EPITAXIAL FERROMAGNETIC GARNETS FOR MEMORY
APPLICATIONS, ~ALLIUM NITRIDE FOR ELECTROLUMINESCENT USES, AND BORON
ARSENIDE kND BORON PHOSPHIDE TO MEET HIGH-TEMPERATURE REQUIREMENTS.
COMPONENT DEVELOPMENT INCLUDES A TWO-COLOR INTEGRATED ARRAY OF
LIGHT-EMITTING DIODES FOR DISPLAY APPLICATIONS, ION-IMPLANTED GAAS
MICROWAVE AMPLIFIERS FOR OPERATION AT 10 TO 20 GHZ, AND
CHARGE-COUPLED DEVICES FOR STORAGE AND DATA TRANSFER APPLICATIONS.
RESEARCH ON ADVANCED PROCESSING TECHNIQUES INCLUDES DIFFUSION METHODS
FOR SHIELDED GATE COMPLEKENTARY MOS STRUCTURES TO ACHIEVE IMPROVED
PERFORMANCE. HIGH-DENSITY CIRCUITS, METALLIZATION AND INTERCONNECTION
METHODS TO MEET ENVIRONMENTAL REQUIREMENTS, AND THE USE OF ION
IMPLANTATION FOR BOTH DOPING AND DIAGNOSTIC ANALYSIS OF SOLID STATE
MATERIALS TO BE USED IN HIGH-RELIABILITY APPLICATIONSe
RTOP NO. 115-25-02 TITLE: DESIGN 11 PROCESSING AND TESTING OF LSI
ARRAYS FOR SPACE STATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: ANDERSON, D. L. TEL. 205-453-3770
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS EFFORT IS DIRECTED TOWARD
DEVELOPING THE TECHNOLOGY AND TECHNIQUESFOR THE DESIGN, FABRICATION
AND TESTING OF LARGE SCALE INTEGRATED CIRCUIT ARRAYS. THIS
ENCOMPASSES THE DESIGN, DEVELOPMENT AND IMPLEMENTATION OF AUTOMATIC
TEST EQUIPMENT INCLUDING COMPUTER SOFTWARE TO PERFORM DYNAMIC AS WELL
AS FQNCTIONAL TESTS ON LSI ARRAYS. INHERENT IN THESE BROAD
OBJECTIVES IS rHE MAXIMUM USE OF AN IN-HOUSE XDS SIGMA 5 COMPUTER
FACILITY TO DEVELOP AND APPLY CAD (COMPUTER AIDED DESIGm TECHNIQUES
TO SUCH LSI PROBLEMS AS LOGIC SIMULATION, CIRCUIT LAYOUT AND SYSTEM
ANALYSIS. SPECIAL EMPHASIS WILL BE GIVEN TO FACILITATE THE COMPUTER
OPERATIONS FOR THE USER AND INTERACTIVE GRAPHICS WILL BE EMPLOYED
WHEREVER FEASIBLE. PROCESS TECHNOLOGY DEVELOPMENT WILL BE PURSUED IN
THE PROMISING AREAS WHERE NEED EXISTS. FOR INSTANCE, THE APPLICATION
OF BEAM LEADS TO MOS DEVICES IS AN IMMEDIATE SOLUTION TO THE
PASSIVATION AND INTERCONNECTION PROBLEM. SIMILARLY THE
SILICON-ON-SAPPHIRE INTEGRATED CIRCUITS AND MNOS DEVICES PROVIDE A
GREAT AMBIENT OF POTENTIAL. THE GENERAL APPROACH TO IMPLEMENTING
THIS PROGRAM WILL BE BASED FIRST ON DEVELOPING AND UTILIZING NEW LSI
TECHNOLOGY THAT PROMISES TO BE USEFUL IN FUTURE NASA MISSIONS.
COMPUTER AIDED DESIGN AND TESTING PROGRAMS WILL BE DEVELOPED TO
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COMPLEMENT NEW LSI TECHN010GY~
RTOP NO. 115-25-03 TITLE: SCREENING AND RELIABILITY TESTING OF
MICROCIRCUITS AND ELECTRONIC PARTS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER g -
MONITOR: HAMITER i L. Co TEL. 205-453-3986
TECHNICAL SUMMARY
TO DEVELOP EFFECTIVE PROCEDURES FOR ECONOMICAL QUALIFICATION AND
RELIABILITY ASSURANCE OF LARGE SCALE INTEGRATED CIRCUITS (LSI) AND
OTHER MICROELE:TRONIC DEVICES THAT ARE SELECTED FOR USE IN FUTURE
PROGRAMSQ THIS WILL ENCOMPASS STUDYING AND UNDERSTANDING THE DESIGN@
FAILURE MECHANISMS# CRITICAL PROCESSES g WORKMANSHIP AND APPLICATION
CAPABILITY OF LSI, SOLID STATE RELAYS. PHOTOMULTIPLIERS 6 AND OTHER
MICROELECTRONIC DEVICES SO EFFECTIVE PROCEDURES AND CRITERIA CAN BE
ESTABLISHED FOR SCREENING w INSPECTION ANO TESTING. ALL ASPECTS OF
LSI CIRCUIT DESIGN AND MANUFACTURE; FROM BASIC SILICON MATERIAL
THROUGH JUNCTI8NS 6 METALLIZATION q INTERCONNECTION, PACKAGING AND
APPLICATION q MaST BE CONSIDERED TO ASSURE ACCEPTABLE END ITEM
RELIABILITYo THESE ACTIVITIES WILL BE DIRECTED IN A MANNER TO
PROVIDE RELIABILITY ASSURANCE FOR THE WIDEST SELECTION OF DEVICES
NECESSARY FOR THE DESIGN ENGINEERS TO DEVELOP THE MOST ADVANCED
MICROELECTRONICS SYSTEMS. THE FIRST APPROACH WILL ASSURE COVERAGE
FOR BEAM LEADED MOS AND BIPOLAR CHIPS BEING DEVELOPED AND PACKAGED
WITH HYBRID TECHNIQUES Q BOTH OF WHICH ARE COVERED UNDER RTOP
115-25-02. BA:K OP APPROACHES WILL PROVIDE COVERAGE FOR DEVICES OF
LESSER INTEGRATION USING FLYING LEADS AND CONVENTIONAL PACKAGING.
RTOP NO. 115-25-04 TITLE: ELECTRONIC COMPONENT PACKAGING AND
INTERCONNECTION R&D
ORGANIZATION: JET PROPULSION LABORATORY _
MONITOR~ POWELL g R. V. TELo 213-354-6586
TECHNICAL SUMMARY
THE LONG TERM GOAL OF THIS RTOP IS TO DEVELOP ~LECTRONIC
PACKAGING AND INTERCONNECTION TECHNOLOGY THAT WILL ENABLE THE
EFFECTIVE PERF)RMANCE OF ADVANCED MISSIONS BY JPL AND OTHER NASA
CENTERS. THE FYij72 OBJECTIVE IS CONSTRAINED TO THAT OF DEVELOPING A
COMPREHENSIVE PLAN FOR THE CONTINUING JPL ELECTRONIC PACKAGING AND
INTERCONNECTION R&D PROGRAM. THE TASK WILL: 1) DEVELOP CRITERIA FOR
ASSESSING THE PRIORITIES OF SPECIFIC R&D TASKS AND SUPPORT FUNCTIONS.
2) IDENTIFY NEEDED ACTIVITIES. INDICATING THOSE WHICH ARE SUITABLE
FOR OART R&AD SPONSORSHIP AND THOSE WHICH ARE KORE OF A SUPPORTING
NATURE AND SHOITLD BE OTHERWISE FUNDED g 3) PREPARE AND SUBMIT TO OART
AN FY~73 RTOP DIRECTED TOWARD ACCOMPLISHMENT OF A LIMITED NUMBER OF
THE MOST SIGNIFICANT ADVANCED DEVELOPMENT TASKS, AND 4) INDICATE THE
RELATIONSHIP OF PROPOSED WORK TO POSSIBLE ADVANCED MISSIONS. TO OTHER
WORK AT JPL, AND TO ELECTRONIC PACKAGING ACTIVITIES AT OTHER NASA
CENTERS. IN CJNNECTION WITH ITEM 1 9 IT IS BELIEVED POSSIBLE TO
DEVELOP CRITERIA BASED ON COST EFFECTIVENESS. FOR EX1MPLE q ONE CAN
DERIVE APPROXIMATE PROJECT COSTS PER UNIT SPACECRAFT WEIGHT AND THUS
EVALUATE THE SIGNIFICANCE OF IMPROVEMENTS IN PACKAGING EFFICIENCY.
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ONE CAN ALSO OBTAIN DATA ON COSTS OF REPACKAGING EQUIPMENT TO REMEDY
DESIGN DEFECTS. IT IS NOT THE PURPOSE OF THIS DISCUSSION TO
ANTICIPATE THE RESULT OF THE PLANNING ACTIVITY. IT WILL BE AN
IN-HOUSE TASK, DRAWING INFORMATION FROM MATERIALS AND PROCESSES AND
ELECTRONIC COMPONENT SPECIALISTS, FROM PROJECT EXPERIENCE, AND FROM
INDUSTRY AND OTHER NASA CENTERS.
RTOP NO. 115-25-05 TITLE: ELECTRONIC COMPONENT SCREENING AND
QUALIFICATION DEVELOPMENT
ORGANIZATION: JET PROPULSION LABORATORY \ -
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE EFFORT PROPOSED IN THIS TASK IS THE RESEARCH AND THE
METHODOLOGY DEVELOPMENT NECESSARY TO PREPARE THE WAY FOR ACTUAL
DEVELOPMENT AND SELECTION OF HIGHLY RELIABLE LONG~LIFE ELECTRONIC
DEVICES REQUIRED BY FUTURE SPACECRAFT. PARTICULAR ATTENTION IS
FOCUSED ON THE PROBLEM OF ACHIEVING LONG-LIFE MSI/LSI DEVICES. THE
LONG RANGE APPROACH IS TO IDENTIFY FAILURE MECHANISMS WHICH LIMIT THE
LONG-LIFE RELIABILITY OF ELECTRONIC DEVICES AND RELATE THESE
MECHANISMS TO SPECIFIC ELEMENTS IN THE DEVICE DESIGN OR PROCESSING.
THE OVERALL TASK WILL BE PURSUED THROUGH A COMBINATION OF BOTH
IN-HOUSE AND CONTRACTED EFFORTS. THIS WORK IS NECESSITATED BY THE
FACT THAT THE SPACECRAFT MISSIONS BEING CONSIDERED FOR THE 1970'S AND
BEYOND DIFFER FROM THEIR PREDECESSORS IN THAT 1) MISSION TIME WILL BE
SIGNIFICANTLY LONGER, 2) THE ENVIRONMENT WILL BE MORE SEVERE AND 3)
THE SPACECRAFT WILL BE MORE COMPLEX. THE GRAND TOUR, FOR EXAMPLE,
WILL REQUIRE A FLIGHT TIME OF 10 YEARS IN A RADIATION ENVIRONMENT.
THIS IS AN ORDER OF MAGNITUDE MORE DEMANDING THAN ANY MISSION
PREVIOUSLY ATTEMPTED. EVEN A CURSORY REVIEW OF THE LONGEVITY RECORD
OF PREVIOUS SPACECRAFT REVEALS THAT THE RELIABILITY DEMONSTRATED BY
THEIR ELECTRONICS IS TOTALLY INADEQUATE FOR MISSIONS OF 10 YEARS
DURATION. WHEN CONSIDERATION OF THE ENVIRONMENTAL AND COMPLEXITY
FACTORS OF FUTURE SPACECRAFT ARE INTRODUCED, THE DISPARITY BETWEEN
THE DEGREE OF RELIABILITY ACHIEVED IN THE PAST AND THAT WHICH IS
REQUIRED IN THE FUTURE BECOMES EVEN GREATER. THE PROBLEMS OF HOW TO
ACHIEVE EXCEPTIONALLY LONG LIFE IN ELECTRONIC DEVICES FOR USE IN
FUTURE SPACECRAFT IS DEFINITELY REAL AND MISSIONS OF 10 YEARS
DURATION WILL HAVE A REASONABLE PROBABILITY OF SUCCESS ONLY WHEN THE
PROBLEM IS SOLVED.
RTOP NO. 115-25-06 TITLE: RELIABILITY MODELING AND ASSESSMENT
TECHNIQUES
ORGANIZ ATION: JET PROPULSION LABORATORY,
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
DEVELOP RELIABILITY PREDICTION, ASSESSMENT AND ANALYSIS
TECHNIQUES APPLICABLE TO LONG DURATION MISSIONS. THESE TECHNIQUES
INCLUDE NOT ONLY MATHEMATICAL MODELING OF COMPONENT, SUBSYSTEM AND
SYSTEM EFFECTS BUT ALSO THE DEVELOPMENT OF ACCE~ERATED TEST
TECHNIQUES FOR ASSEMBLIES AND SUBSYSTEMS AND QUALIFICATION METHODS
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FOR COMPONENTS EXHIBITING WEAROUT MECHANISMS. INITIAL EFFORTS WILL BE
CONCENTRATED IN AREAS WHERE EXISTING TECHNIQUES ARE INADEQUATE
(TECHNIQUES MAY EMPLOY ASSUMPTIONS THAT ARE NO LONGER VALID WHEN
CONSIDERING PARAMETERS OF LONG LIFE MISSIONS) OR NONEXISTENT. AN
EXAMPLE OF THE FIRST IS THE AREA OF REDUNDANCY OPTIMIZATION, WHERE
TECHNIQUES EXIST, BUT ALL EXISTING TECHNIQUES IGNORE THE EFFECTS OF
SWITCHING, DORMANCY AND STANDBY REDUNDANCY, WHICH ARE THE DOMINANT
EFFECTS IN LONG LIFE CONSIDERATIONS, WHILE AN EXAMPLE OF THE LATTER
IS THAT ADEQUATE ACCELERATED TEST TECHNIQUES AT THE ASSEMBLY LEVEL
HAVE NEVER EXISTED. THE APPROACH WILL EMPHASIZE FIRST THE TECHNIQUES
NEEDED FOR EARLY USE BY PROJECTS. IN SUCCEEDING YEARS, OTHER
TECHNIQUES, NOT QUITE SO CRUCIAL TO EARLY DESIGN, WILL BE DEVELOPED.
IT IS NOTED THAT ALL TASKS PLANNED FOR FY'72 DEVELOP TECHNIQUES THAT
WILL HAVE A DIRECT INFLUENCE ON EARLY ASSEMBLY, SUBSYSTEM, AND SYSTEM
DESIGN. THE ANALYTICAL TECHNIQUES DEVELOPED FROM THE WORK PERFORMED
IN THIS RTOP WILL HAVE APPLICATION TO ALL LONG LIFE SPACE MISSIONS IN
MANNED FOR UNMANNED SPACECRAFT.
RTOP NO. 115-25-08 TITLE: STORAGE MATERIALS FOR OPTICAL MASS
MEMORIES
ORGANIZATION: LANGLEY RESEARCH CENTER
.MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
EFFORTS WILL BE UNDERTAKEN TO DEVELOP IMPROVED STORAGE MATERIALS
FOR APPLICATION IN OPTICAL MEMORY SYSTEMS WHICH ARE POTENTIAL
CONDIDATES TO BE EMPLOYED ON FUTURE NASA MISSIONS SUCH AS THE SPACE
STATION/BASE AMD EARTH RESOURCES SATELLITES. THESE MISSIONS HAVE
REQUIREMENTS FOR MASS MEMORY SYSTEMS WITH STORAGE CAPACITIES AS HIGH
AS TEN TO THE 12TH POWER BITS, WRITING TIMES LESS THAN 0.0001 SEC,
AND INCREASED RELIABILITY OVER PRESENTLY-USED TAPE RECORDERS WHICH
NECESSITATES NO MOVING PARTS. SPECIAL EMPHASIS WILL BE PLACED ON THE
DEVELOPMENT OF STORAGE MATERIALS WHOSE SENSITIVITY TO WRITING ENERGY
IS IN THE RANGE REQUIRED BY THE OPTICAL MEMORY SYSTEMS PRESENTLY
UNDER DEVELOPMENT BY MSFC (TEN TO THE MINUS 7TH POWER TO 0.000006
JOULES/MM-SQ) FOR THE SPACE STATION/BASE. INITIALLY, ORGANIC
MATERIALS WHICH EXHIBIT CIS-TRANS ISOMERIZATION PROPERTIES AND
MAGNETOOPTIC MATERIALS WILL BE INVESTIGATED SINCE THEY ARE PROMISING
CANDIDATE MATERIALS.
RTOP NO. 117-07-01 TITLE: SPACE SHUTTLE CONFIGURATIONS,
AEROTHERMODYNAMICS, AND OPERATIONAL
ANALYSIS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
FULLY AND PARTIALLY REUSABLE SPACE SHUTTLE SYSTEMS ARE BEING
STUDIED BY NASA/DOD TO SUPPORT FUTURE EARTH FOCUSED SPACE MISSIONS.
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CURRENT CONTRACTOR CONCEPT-DEFINITION AND PRELIMINARY-DESIGN STUDIES
ARE SCHEDULED TO END WITH FY 1971. TO ASSESS THE CONCEPTS AND TO
MAKE RECOMMENDATIONS WHICH WILL HELP NASA IDENTIFY A PREFERRED
CONFIGURATION THERE IS A NEED TO (1) EXAMINE THE AERODYNAMIC
CHARACTERISTICS OF CANDIDATE ORBITER, BOOSTER, AND LAUNCH VEHICLE
CONCEPTS FROM SUBSONIC THROUGH HYPERSONIC SPEEDS, (2) PERFORM
DIAGNOSTIC STUDIES IN THE HYPERSONIC SPEED REGIME TO PROVIDE INSIGHT
INTO (A) LOCAL FLOW FIELD CONDITIONS AND (3) POTENTIAL PROBLEM AREAS,
(3) EXAMINE THE AEROHEATING CHARACTERISTlqS OF CANDIDATE CONCEPTS,
INDIVIDUALLY AND IN COMBINATION, (4) EXAMINE THE ABILITY OF CANDIDATE
CONCEPTS TO PERFORM MAJOR OPERATIONAL AND MISSION REQUIREMENTS, (5)
PERFORM SYSTEMS WEIGHT, BALANCE, PACKAGING, AND DETAILED COMPONENT
DESIGN STUDIES OF BOTH BOOSTER AND ORBITER, AND (6) IDENTIFY FROM
AEROTHERMODYNAMIC AND SYSTEMS CONSIDERATIONS FEASIBLE SUBSCALE
ORBITER AND BOaSTER FLIGHT TEST VEHICLES. THIS RTOP ENCOMPASSES THE
ACTIVITIES OF THE LANGLEY AEROTHERMODYNAMIC, SYSTEMS, AND OPERATIONS
SPACE SHUTTLE TECHNOLOGY PROGRAM, COORDINATED WITH OTHER NASA CENTERS
THROUGH THE AEROTHERMODYNAMICS/CONFIGURATIONS WORKING GROUP, TO
ACCOMPLISH THE PRECEDING OBJECTIVES IN CONJUNCTION WITH COMPLEMETARY
STUDIES IN THE AREAS OF STRUCTURES, MATERIALS, AND THERMAL PROTECTION
AND DYNAMIC LOADS AND AEROELASTICITY.
RTOP NO. 117-07-02 TITLE: SPACE SHUTTLE - CONFIGURATIONS AND
AEROTHERMODYNAMICS
ORGANIZATION: AMES RESEARCH CENTER, _
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
TO EVALUATE THE AERODYNAMIC PERFORMANCE, STABILITY AND CONTROL,
HEATING AND SONIC BOOM OVERPRESSURES OF SPACE SHUTTLE VEHICLES; TO
PINPOINT AND FIND THE SOLUTION TO AEROTHERMODYNAMIC PROBLEMS OF THESE
VEHICLES IN EVALUATION OF PHASE B AND SUPPORT OF PHASE C/D STUDIES.
ACCORDINGLY, MJDELS RESULTING FROM CONTRACTOR AND IN-HOUSE STUDIES
WILL BE TESTED IN SUBSONIC, TRANSONIC, SUPERSONIC AND HYPERSONIC
FACILITIES OF rHE AMES RESEARCH CENTER. SHADOWGRAPH AND OIL-FLOW
PHOTOGRAPHS, FLOW-FIELD PRESSURE SURVEYS, HEAT TRANSFER AND STATIC
AND DYNAMIC AERODYNAMIC DATA WILL BE OBTAINED. THE WIND-TUNNEL DATA,
TRAJECTORY DATA, AND RECENTLY OBTAINED STABILITY CRITERIA WILL BE
USED ~O EVALUATE THE SPACE SHUTTLE CHARACTERISTICS RELATIVE TO
EXISTING AIRPLANES AND ENTRY VEHICLES SUCH AS LIFTING BODIES. THE
EFFECTS OF REALISTIC GAPS, JOINTS, AND SURFACE CONDITIONS ON
BOUNDARY-LAYER TRANSITION AND HEAT TRANSFER WILL BE DETERMINED.
TECHNIQUES WILL BE DEVELOPED FOR PREDICTING THE INVISCID AND VISCOUS
REAL GAS FLOW FIELDS ABOUT SHUTTLE SPACECRAFT. TRAJECTORY
CONSTRAIN~S REQUIRED TO LIMIT SONIC BOOM OVERPRESSURES WILL BE
DETERMINED.
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RTOP NO. 111-07-03 TITLE: SPACE SHUTTLE: THERMAL PROTECTION SYSTEMS
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
CANDIDATE ~ATERIALS FOR USE IN SPACE SHUTTLE THERMAL PROTECTION
SYSTEMS WILL BE EVALUATED TO DETERMINE PERFORMANCE AND TO IDENTIFY
FAILURE MODES. SAMPLES OF CANDIDATE MATERIALS (METALLIC AND
NON-METALLIC) WILL BE TES~ED IN ARC-JET FACILITtES CAPABLE OF
DUPLICATING A NUMBER OF FULL-SCALE FLIGHT CONDITIONSo HEAT SHIELD
MATERIALS TO BE INVESTIGATED INCLUDE THE NICKEL, COBALT AND COLUMBIAN
ALLOYS, REUSEABLE SURFACE INSULATORS AND CARBONACEOUS AND POLYMERIC
MATERIALS. EMPHASIS WILL BE ON THE EVALUATION OF MATERIALS THAT
REQUIRE LITTLE OR NO REFURBISHMENT. PERFORMANCE EVALUATION WILL
INCLUDE DETERMINATION OF THE EMITTANCE OF THE SURFACE AND ITS
CATALYTIC BEHAVIOR REGARDING SURFACE RECOMBINATION OF DISSOCIATED
BOUNDARY LAYER SPECIES. IN ORDER TO ACCOMPLISH THESE OBJECTIVES
CONSIDERABLE I~PROVEMENTS IN ARC-JET OPERATION WILL BE MADE. THIS
WILL INCLUDE INSTALLATION OF THE 2" X 9" SUPERSONIC DUCT IN A
FACILITY BAY PREVIOUSLY OCCUPIED BY OTHER EQUIPMENT, INCREASING THE
TOTAL POWER AND FLEXIBILITY OF THE D.C. POWER SUPPLY AND INCREASING
THE LEVEL OF ENTHALPY OF THE ARC JET STREAMS.
RTOP NO. 117-07-03 TITLE: SPACE SHUTTLE THERMAL PROTECTION SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TELo 103-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO INVESTIGATE THERMAL
PROTECTION SYSTEMS FOR THE SPACE SHUTTLE, TO ASSESS THE ADEQUACY OF
EXISTING TECHNJLOGY, AND TO IDENTIFY AND IMPLEMENT REQUIRED
DEVELOPMENT PROGRAMSo THIS WILL BE ACCOMPLISHED PRIMARILY BY
CONTRACT WORK SUPPORTED BY IN-HOUSE STUDIES AND TESTING. THREE TYPES
OF HEAT SHIELDS WILL BE CONSIDERED: LOW~COST ABLATIVE SHIELDS,
NONMETALLIC RADIATIVE-INSULATIVE SHIELDS~ AND METALLIC RADIATIVE
SHIELDS e FIBR~YS INSULATION MATERIALS, NON-DESTRUtTIVE TEST
TECHNIQUES, AND SOME ASPECTS OF CONVECTION COOLING WILL ALSO BE
INVESTIGATED. PARAMETRIC HEAT-SHIELD STUDIES WILL BE MADE TO PROVIDE
RATIONAL AND UP-TO-DATE ESTIMATES OF THE WEIGHT AND COST OF SYSTEMS
INVOLVING ABLATORS, RADIATORS, INSULATORS, AND ACTIVE COOLING.
LARGE-SCALE THERMAL PROTECTION SYSTEMS WILL BE DESIGNED, FABRICATED,
AND TESTED TO VALIDATE ANALYTICAL RESULTS, WEIGHTS, AND, POSSIBLY,
COSTS. THE RESULTS OF THESE STUDIES WILL PROVIDE INFORMATION WHICH
WILL SERVE AS A BASIS FOR THE SELECTION AND DESIGN OF THERMAL
PROTECTION SYSTEMS FOR THE SPACE SHUTTLE.
RTOP NOv 117-07-04 TITLE: AEROTHERMODYNAMICS RESEARCH AND ABLATIVE
HEAT PROTECTION
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THIS RESEARCH WILL LEAD TO THE DEVELOPMENT OF RELIABLE AND
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ACCURATE ANALYTICAL AND EXPERIMENTAL TECHNIQUES FOR PREDICTING AND
SIMULATING THE AERODYNAMIC AND THERMAL ENVIRONMENT TO BE ENCOUNTERED
BY ENTRY VEHICLES DURING PLANETARY EXPLORATION AND EARTH RETURN~
THERMAL PROTECrION MATERIALS WILL BE DEVELOPED TOGETHER WITH THE
ANALYTICAL AND EXPERIMENTAL TECHNIQUES REQUIRED TO DESIGN HEAT
SHIELDS FOR THESE MISSIONSo TO ACQUIRE THE RESEARCH CAPABILITIES TO
SUPPORT PLANETARY EXPLORATION, NEAR TERM EMPHASIS WILL BE PLACED ON
THE OPERATION AND DEVELOPMENT OF FACILITIES WHICH SIMULATE THE
HEATING CONDITIONS ENCOUNTERED DURING ENTRYo THESE FACILITIES
INCLUDE THE 6-INCH ELECTRIC DRIVE SHOCK TUBE (EXISTING) AND THE
EXPANSION TUBE/TUNNEL (EXISTING) OF THE PRIMARY EMPHASIS HAS BEEN
RTOP NO. 117-07-04 TITLE: AEROTHERMODYNAMIC AND ABLATIVE HEAT
PROTECTION FOR VERY-HIGH-SPEED
ATMOSPHERIC ENTRY
ORGANIZ ATION: A. MES RE SEAR CH CENTER \ ~
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP THE AEROTHERMODYNAMIC
AND ABLATIVE HEAT-PROTECTION TECHNOLOGY REQUIRED TO DESIGN SPACECRAFT
FOR ENTRY INTO VENUS AND THE OUTER PLANETS, AND TO EVALUATE DESIGN
CONCEPTS FOR 'FUTURE SPACE-EXPIORA TION VEHICLES CAPABLE OF ENTERING
ATMOSPHERES AT SPEEDS UP TO 60 KM/SEC. THE WORK INCLUDES
AEROTHERMODYNA~IC STUDIES TO DEFINE THE HEATING ENVIRONMENTS TO BE
ENCOUNTERED; TO MINIMIZE THE HEATING RATES AND TOTAL HEAT LOADS BY
PROPER CHOICE OF TRAJECTORY, VEHICLE SHAPE, AND HEAT SHIELD MATERIAL;
TO EVALUATE AVAILABLE MATERIALS IN SIMULATED ENVIRONMENTS COVERING A
VARIETY OF ATMDSPHERIC COMPOSITIONS AND COMBINED CONVECTIVE AND
RADIATIVE AND CONVECTIVE HEATING LOADS; TO DEVELOP NEW MATERIALS
TAILORED TO PRJ VIDE MAXIMUM HEAT PROTECTION IN PARTICULAR
ENVIRONMENTS; AND FOR DEVELOPMENT OF FACILITIES REQUIRED TO SIMULATE
THE ENVIRONMENTS BEING STUDIED. KNOWLEDGE OF THE HEATING
ENVIRONMENTS AND HEAT-SHIELD MATERIAL PERFORMANCE~ AND OF THE
EFFECTIVENESS OF THE THERMAL PROTECTION SYSTEMS IS NECESSARY FOR THE
DESIGN OF PROBES WHICH WILL ENTER THE ATMOSPHERES OF VENUS AND THE
OUTER PLANETS.
RTOP NO. 117-07-05 TITLE: JUPITER ENTRY AEROTHERMODYNAMIC RESEARCH
ORGANIZATION: JET PROPULSION LABORATORY I
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
WE ARE MAKING PROGRESS IN SEVERAL TECHNICAL SPECIALTIES RELATED
TO JUPITER ATMOSPHERIC ENTRY AEROTHERMODYNAMICS. IN FLOW-FIELD
ANALYSIS, RADIA.TIVE HEATING, CONVECTIVE HEATING, AND TRAJECTORY
ANALYSIS WE HAVE PURSUED A COMBINED EXPERIMENTAL AND THEORETICAL
METHOD TO MAKE _THIS PROGRESS. IN FLOW-FIELD ANALYSIS WE WILL
COMPLETE THE DEVELOPMENT OF METHODS TO COMPUTE THE VISCOUS,
CONDUCTING, RADIATING, AN~ REACTING FLOW ABOUT AN ENTRY BODY TO THE
PLANET JUPITER. A DESCRIPTION _OF THE FLOW-FIELD IN THE ABLATION
LAYER AND THE BASE REGION WILL MAKE IT POSSIBLE TO UNDERSTAND THE
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COUPLING WHICH OCCURS BETWEEN THESE REGIONS AND THE SHOCK LAYER AND
WAKE. IN ORDER TO PREDICT RADIATIVE HEATING TO AN ENTRY PROBE, THE
RADIATIVE PROPERTIES OF HYDROGEN AND HELIUM SUBJECTED TO SHOCK
HEATING AND COMPRESSION MUST BE KNOWN. THE DYNAMIC PROCESSES
INCLUDING A SHOCK PRECURSOR, THE TEMPERATURE OVERSHOOT, AND RADIATIVE
COOLING OF THESE GASES MUST BE MEASURED IN SHOCK TUBE TESTS AND
COMPARED TO CHEMICAL KINETIC, AND FLOW-FIELD CALCULATIONS. THE
ABSORPTION OF THE GRAPHITE HEATSHIELD ABLATION PRODUCTS MAY BE SO
COMPLEX AS TO NECESSITATE SHOCK TUBE TESTS TO DISCOVER ADDITIONAL
RADIATION ABSORPTION BANDS. BOUNDARY LAYER ANALYSIS WILL POSSIBLY
PREDICT CONVECTIVE HEATING QUITE ACCURATELY TO FLIGHT SPEEDS OF 50
KM/SEC. HOWEVER, SMALL MODELS WILL BE TESTED IN THE SHOCK TUBES TO
VERIFY THESE THEORETICAL CALCULATIONS. WITH MASSIVE ABLATION
OCCURRING WITH A JUPITER ENTRY PROBE, UNSTABLE MOTIONS OF THE VEHICLE
ARE POSSIBLE EVEN WITH ENTRY PERTURBATIONS MINIMIZED. GROOVING,
CROSS-HATCHING AND OTHER ABLATION PATTERNS WILL BE STUDIED
THEORETICALLY WITH TRAJECTORY PROGRAMS AND IN FREE-FLIGHT WIND TUNNEL
TESTS~
RTOP NO. 739-07-02 TITLE: PLANETARY ATMOSPHERE EXPERIMENTS TEST
(PAET)
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN~ G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THE PLANETARY ATMOSPHERE EXPERIMENTS
TEST (PAET) IS TO DEMONSTRATE IN THE EARTH'S ATMOSPHERE THE ABILITY
OF SELECTED EXPERIMENTS TO DETERMINE THE STRUCTURE AND COMPOSITION OF
AN UNKNOWN PLANETARY ATKOSPHERE FROM A PROBE VEHICLE ENTERING THE
ATMOSPHERE AT HIGH SPEEDS. RESULTS FROM THIS TEST WILL PROVIDE
FLIGHT EXPERIENCE FOR THE EVALUATION OF EXPERIMENTS APPLICABLE TO
ENTRY MISSIONS TO OTHER PLANETS. THREE EXPERIMENTS WILL BE FLOWN:
AN ATMOSPHERE STRUCTURE EXPERIMENT, A SHOCK-LAYER RADIOMETER
COMPOSITION EXPERIMENT, AND A MASS SPECTROMETER COMPOSITION
EXPERIMENT. AN ENTRY VEHICLE DESIGNED TO ACCOMMODATE THESE
EXPERIMENTS WILL BE BUILT AT AMES RESEARCH CENTER. THE ENTRY VEHICLE
WILL BE FLOWN FROM WALLOPS ISLAND ON A FOUR-STAGE SCOUT LAUNCH
VEHICLE. ENTRY WILL OCCUR NEAR BERMUDA.
RTOP NO. 747-81-01 TITlE: LIFTING ENTRY VEHICLE TRANSONIC
,FLIGHT-TEST PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER.
MONITOR: MCTIGUE, J. G. TEL. 805-258-3311
TECHNICAL SUMMARY
THE LOW SUPERSONIC AND SUBSONIC CUARACTERISTICS OF LIFTING
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REENTRY VEHICLES ARE BEING STUDIED BY MEANS OF A COORDINATED FLIGHT
AND WIND-TUNNEL TEST PROGRAM WITH M2-F3, AND X-24A AIRCRAFT. THE
PROGRAM WILL YIELD THE DETAILED AERODYNAMIC CHARACTERISTICS OF THESE
AIRCRAFT AND A MEASURE OF THE ABILITY OF THE WIND TUNNELS TO PREDICT
THESE CHARACTERISTICS. IN ADDITION, OPERATIONAL CHARACTERISTICS IN
THE TERMINAL AREA ARE BEING EXPLORED. THIS EFFORT WILL ULTIMATELY
YIELD AN IFR TERMINAL AREA ENERGY MANAGEMENT AND APPROACH TECHNIQUE
APPLICABLE TO UNPOWERED LOW L/D ENTRY VEHICLES. AFTER ACCOMPLISHING
THE BASIC FLIGHT OBJECTIVES, THE M2-F3 WILL BE USED TO EVALUATE
COMMAND CONTROL SYSTEM CONCEPTS AND REACTION CONTROL BLENDING
TECHNIQUES. SUBSEQUENT TO THE BASIC PROGRAM, THE X-24A WILL BE
CONVERTED TO AN FDL-8 SHAPE TO EVALUATE A NEW CLASS OF VEHICLE.
RTOP NO. 770-90-01 TITLE: SPACE TECHNOLOGY APPLICATIONS (STA)
ORGANIZATION: JET PROPULSION LABORATORY I
MONITOR: SPENCER, D. F. TEL. 213-354-6852
TECHNICAL SUMMARY
JPL WIL.L APPLY SPACE-DERIVED CAPABILITIES TO THE RESOLUTION OF
PROBLEMS OF NArIQNAL INTEREST, PARTICULARLY THOSE RELATING TO THE
CIVIL SYSTEMS AREAS, INCLUDING PUBLIC SAFETY SUPPORT, MEDICAL
ENGINEERING, ENVIRONMENTAL MANAGEMENT AND OTHERS. SPACE-DERIVED
CAPABILITIES INCLUDE EXPERIENCE AND TECHNOLOGY THAT IS APPLICABLE IN:
1) PROJECT AND SYSTEMS MANAGEMENT 2) SYSTEMS ANALYSIS AND PROJECT
ENGINEERING 3) SPECIALIZED TECHNICAL DISCIPLINES (E.G.,
COMMUNICATIONS, GUIDA NCE, PROPULSION, ETC.) 4) DESI GN, OPERATION,
AND EVALUATION OF COMPLEX TEST PROGRAMS. WITHIN THE CIVIL SYSTEMS
AREAS, JPL WILL (1) IDENTIFY AND DEFINE PROBLEMS, (2) DETERMINE
REQUIREMENTS, (3) APPLY A SYSTEMS APPROACH, AND (4) CONCENTRATE ON
EVALUATING FEASIBLE HARDWARE PILOT DEMONSTRATIONS THAT WILL HELP
INTERESTED GOVERNMENT AGENCIES AND/OR INDUSTRIAL COMPANIES IN SOLVING
PROBLEMS THAT ARE NATIONAL IN SCOPE. A MIX OF TASKS WILL BE
PERFORMED APPR~PRIATE TO JPL'S CAPABILITY AND EMPHASIZING THE
APPLICATION OF SPACE TECHNOLOGY.
RTOP NO. 770-90-02 TITLE: TECHNOLOGY APPLICATIONS
ORGANIZATION: AMES RESEARCH CENTER'
MONITOR: GOODWIN, G. TEL. 415-961-1111
TECHNICAL SUMMARY
TO CONTINUE THE APPLICATION OF SPACE-DERIVED TECHNOLOGY
DEVELOPED AT AMES TO THE RESOLUTION OF PROBLEMS OF NATIONAL INTEREST
SUCH AS (A) TO DEVELOP FIRE-PROTECTIVE SYSTEMS UTILIZING
FIRE-RETARDANT FOAMS AND INTUMESCENT COATINGS (B) TO INVESTIGATE THE
CONCEPT OF A FIRE-RESISTANT AIRCRAFT WINDOW TO COMPLETE THE PASSENGER
AIRCRAFT PROTE:TION SYSTEM BEING DEVELOPED (C) TO PROVIDE SUPPORT TO
THE NAVWPNSCEN AIRCRAFT SURVIVABILITY PROJECT (D) TO DEVISE METHODS
FOR CONVERTING HYDROCARBONS TO METHANE IN ORDER TO REDUCE AIR
POLLUTION CREArED BY INTERNAL COMBUSTION ENGINES AND (E) TO DEVELOP
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CHEMICAL AND OTHER INSTRUMENTATION FOR THE DETECTION OF DANGEROUS
DRUGS IN HUMANS AND OIL SPILLS IN COASTS. (A) AMES DEVELOPED
FIRE-RETARDANT FOAMS, INTUMESCENT COATINGS AND OTHER HIGH TEMPERATURE
COMPOSITES WILL BE EVALUATED AS FIRE PROTECTIVE MATERIALS AND BRAKES
FOR SPECIFIC APPLICATIONS REQUESTED BY THE DOD, DOT AND POD. THESE
MATERIALS WILL BE MODIFIED IF NECESSARY TO ENHANCE PROPERTIES
REQUIRED. (B) PROTOTYPE FIRE-RESISTANT WINDOWS BASED ON NEW CHAR
FORMING POLYMERS BEING DEVELOPED AT AMES WILL BE PRODUCED AND
EVALUATED FOR ~OSSIBLE APPLICATIONS AS FIRE~RESISTANT WINDOWS FOR
AIRCRAFT AND SPACE STATION. (C) SUPPORT OF THE NAVY'S SURVIVABILITY
PROGRAM WILL BE PROVIDED BY RETROFITTING AN A-4 AIRCRAFT WITH
FIRE-RETARDANT FOAMS AND INTUMESCENT COATING. (D) STUDIES OF
METHANATION OF HYDROCARBON FUELS WILL CONTINUE END A PROTOTYPE
CATALYTIC REACTOR WILL BE DEVELOPED FOR CONVERTING HYDROCARBONS TO
METHANE IN INTERNAL COMBUSTION ENGINES (E) CHEMICAL INSTRUMENTATION
BASED ON A CHROMATOGRAPHIC COLUMN WILL BE DEVELOPED FOR THB DETECTION
OF DANGEROUS DRUGS IN HUMANS. A MULTI-SENSOR OIL-SPILL
RTOP NO. 770-90-03 TITLE: TECHNOLOGY APPLICATIONS
ORGANIZATION: LANGLEY "RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO SELECTIVELY APPLY AEROSPACE
TECHNOLOGY TO ASSIST THE DOD, OTHER AGENCIES AND MEDICAL
ORGANIZATIONS IN SOLVING PROBLEMS AFFECTING THE MILITARY AND MODERN
SOCIETY. THE SELECTION OF PROJECTS IS BASED ON THE AVAILABILITY OF
NEEDED TECHNOLJGY, AND THE AMOUNT OF TIME REQUIRED TO BUILD A
PROTOTYPE OR DEMONSTRATE THE SOLUTION. WORK FOR PROJECTS SELECTED
SHOULD BE LIMITED TO DEVELOPMINT DR THE APPLICATION OF TECHNOLOGY,
WITH NO RESEARCH OR A VERY MINIMUM EXTENSION OF RESEARCH REQUIRED.
RTOP NO. 770-90-04 TITLE: TRACE ELEMENT AND COMPOU~D POLLUTANT STUDY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ROSENBLUM, L. TEL. 216-433 4000
TECHNICAL SUMMARY
ATMOSPHERI: TRACE ELEMENTS AND COMPOUNDS POSE A POTENTIAL HEALTH
HAZARD. IN PART, WORK WILL BE CARRIED OUT IN SUPPORT OF THE DIVISION
OF AIR POLLUTION CONTROL OF THE CITY OF CLEVELAND. MEASUREMENTS WILL
BE MADE OF CON:ENTRATION AND DISTRIBUTION OF TRACE ELEMENTS AND
COMPOUNDS IN THE CLEVELAND AREA AND THE CLEVELAND HOPKINS AIRPORT.
METHODS AND INSTRUMENTS WILL BE DEVELOPED TO ALLOW THE CONVENIENT,
RAPID AND INEXPENSIVE MEASUREMENT OF TRACE POLLUTANT CONCENTRATION.
PHYSICAL CHARACTERIZATION WILL BE MADE OF TRACE POLLUTANTS.
CORRELATION OF POLLUTANT DATA WILL BE MADE WITH DIFFUSION MODELS FOR
PURPOSES OF MODEL REFINEMENT AND FORECASTING. METHODS WILL BE
ESTABLISHED FOR GENERAL AND SPECIFIC POLLUTANT SOURCE IDENTIFICATION
THROUGH TRACER TECHNIQUE.
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RTOP NO. 770-90-05 TITLE: LONG RANGE LASER TRAVERSING SYSTEM
ORGANIZATION: GODDARD SPACE FLIGHT CENTERi-
MONITOR: CAUDILL g L. O. TEL. 301-982-4969
TECHNICAL SUMMARY
THIS RTOP IS FOR DEVELOPMENT OF A LIGHTWEIGHT, BACKPACKED
PROTOTYPE LASER SYSTEM AND FOR PERFORMING FIELD EVALUATION
EXPERIMENTS TO DETERMINE THE FEASIBILITY OF ESTABLISHING PRECISE LINE
OF SIGHT USING THE SCATTERED LASER LIGHT FROM A DISTANCE VERTICALLY
POINTED LASER. THIS WORK IS A DIRECT APPLICATION OF OPTICAL
TECHNOLOGY DEVELOPED UNDER OART PROGRAM AND WILL PROVIDE THE U. S.
FOREST SERVICE WITH A SURVEYING TECHNIQUE THAT WILL SAVE A GREAT DEAL
OF TIME AND MONEY.
RTOP NO. 770-90-06 TITLE: TECHNOLOGY APPLICATIONS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: FLEIG, A. J. TEL. 301-982-2121
TECHNICAL SUMMARY
TECHNOLOGY DEVELOPED BY NASA FOR SPACE USE IS BEING ADAPTED FOR
APPLICATION TO PROVIDE POTENTIAL SOLUTIONS TO MAJOR PROBLEMS IN
MODERN SOCIETY THIS IS A PROGRAM TO APPLY THE APPLICATIONS EFFORT
NECESSARY TO ~SSURE SUCCESSFUL TRANSFER OF SELECTED ITEMS FROM THE
SPACE PROGRAM TO OTHER AREAS TYPICALLY WITH LESS OF A TECHNOLOGY
BASE. EFFORT AT PRESENT IS BEING APPLIED PRIMARILY TO TRANSFERS OF
TECHNOLOGY TO HEALTH CARE AND ENVIRONMENTAL PROTECTION AREAS. THE
MAJOR PROJECT IS TO DEVELOP A DEVICE FOR THE RAPID AUTOMATIC
DETECTION OF BACTERIA IN BODY FLUIDS. THIS WORK IS BEING CONDUCTED
UNDER A FORMAL INTERAGENCY AGREEMENT WITH THE PUBLIC HEALTH SERVICE.
A SECOND PROJECT IS TO DEVELOP PORTABLE SENSITIVE INSTRUMENTATION FOR
THE DETECTION )F HEAVY METALS SUCH AS MERCURY, ARSENIC, CADMIUM, ET
CETERA, THROUGH USE OF FAST NEUTRON RADIATIVE CAPTURE TECHNIQUE.
OTHER PROJECTS UTILIZING NASA DEVELOPED TECHNOLOGY g FACILITIES OR
EXPERTISE WILL BE CONSIDERED FOR PROBLEMS IN FIELDS SUCH AS PUBLIC
SAFETY, TRANSPORTATION, HOUSING ET CETERA.
RTOP WOe 770-90-08 TITLE: TECHNOLOGY APPLICATIONS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: HAYS, E. L. TEL. 713-483-4933
TECHNICAL SUMMARY
TO EXPAND rHE NASA WATER/WASTE MANAGEMENT DEVELOPMENT ACTIVITIES
TO INCLUDE A CONCURRENT APPLICATION OF THE EVOLVING TECHNOLOGY TO
DOMESTIC USE T) AID IN RESOLUTION OF NATIONAL PROBLEMS OF
CONSERVATION PROTECTION AND REHABILITATION OF NATIONAL RESOURCES.
THE ULTIMATE GOAL OF THIS PROGRAM IS TO EXPLOIT THE RECIPROCAL
BENEFITS WHICH CAN BE OBTAINED BY PARALLEL USE OF THE TECHNOLOGY IN
BOTH AEROSPACE AND DOMESTIC APPLICATIONS. THE APPROACH WILL INVOLVE
DEVELOPMENT OF WATER RECOVERY HA~DWARE MODULE WHICH WOULD BE A BASIC
CORE UNIT FOR EFFECTING DOMESTIC ON SITE WATER RECOVERY AND SOLIDS
WASTE HANDLING. TO EXPAND THE APPLICATIONS OF THE FIRE RESISTANT
MATERIALS DEVELOPED AND INVESTIGATED IN THE APOLLO PROGRAM. THE
ULTIMATE GOAL IS THE IMPROVEMENT OF FIRE SAFETY IN AIRCRAFT, GROUND
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VEHICLES, BOATS, THE HOME, AND INDUSTRY. THE TRANSLATION OF THE
APOLLO FLAMEPROOFING TECHNOLOGY TO IMPROVE FIRE SAFETY IN EVERY DAY
LIFE' SITUATIONS WILL HELP TO MITIGATE THE GREAT LOSS IN BOTH LIVES
AND MONEY SUFFERED ANNUALLY IN THE COUNTRY AS A RESULT OF FIRE. TO
ALLEVIATE THE EXCESS WEIGHT PROBLEM OF PRESENTLY AVAILABLE FIREMAN'S
BREATHING SYSTEMS AND TO IMPROVE THE DESIGN OF THESE SYSTEMS WHERE
FEASIBLE. TO SELECT AN OPTIMUM FIREMAN'S BREATHING SYSTEM CONCEPT
AND TO DESIGN, FABRICATE, AND TEST A WORKING PROTOTYPE UNIT.
RTOP NO. 770-90-09 TITLE: APPLICATION OF MAGNETICS TECHNOLOGY TO
MEDICAL AND GEODETIC PROBLEMS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: FOSTER, J. Vo TEL. 415-961-2267
TECHNICAL SUMMARY
HIGHLY-ADVANCED LABORATORY INSTRUMENTATION AND ANALYTICAL
METHODS DEVELOPED IN CONNECTION WITH MAGNETIC FIELD EXPLORATION IN
SPACE WILL BE APPLIED TO THE SOLUTION OF PROBLEMS OF NATIONAL
INTEREST. PROBLEM DEFINITION STUDIES WILL BE CONDUCTED IN AREAS
WHERE TRANSFER OF THIS TECHNOLOGY FROM NASA WILL SATISFY EXISTING
REQUIREMENTS AND WILL PREVENT A DUPLICATION OF DEVELOPMENT BY THE
MEDICAL COMMUNITY AND BY OTHER GOVERNMENT AGENCIES. FOR EXAMPLE,
STUDIES WILL BE CONDUCTED, IN CONJUNCTION WITH APPROPRIATE MEDICAL
AUTHORITIES, T) DETERMINE AND PURSUE FRUITFUL AREAS IN WHICH
SPACE-MAGNETIC TECHNOLOGY MAY BE DIRECTLY APPLIED TO BIOMAGNETIC
INSTRUMENTATION. MAGNETIC FIELDS PRODUCED BY THE HUMAN BODY ARE
KNOWN TO EXIST. NON-INVASIVE MEASUREMENTS OF THESE MAGNETIC FIELDS
WILL PROVIDE NEW INFORMATION WHICH MAY SUBSTANTIALLY EXPAND AND
IMPROVE HEALTH CARE TECHNIQUES RELATED TO DIAGNOSIS AND TREATMENT OF
NERVE AND MUSCLE DISEASES AND DYSFUNCTIONS. ANOTHER POTENTIAL USE OF
SPACE-MAGNETIC TECHNOLOGY LIES IN THE APPLICATION OF VECTOR
MAGNETOMETRY F)R SETTING AND MAINTAINING STANDARDS FOR EARTH MAGNETIC
FIELD MEASUREMENTS ON THE GROUND. THE NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION (DEPT. OF COMMERCE) HAS INDICATED INTEREST
IN UTILIZING AN AMES-DEVELOPED DIGITAL-FLUXGATE SENSOR SYSTEM AS A
NEW STANDARD OBSERVATORY INSTRUMENT. CONTACTS WITH NOAA WILL BE
ESTABLISHED TO DETERMINE THE FEASIBILITY OF AN APPLICATIONS EFFORT IN
THIS AREA. AMES' SYSTEMS ENGINEERING DIVISION WILL COORDINATE THE
PARTICIPATION OF NASA CENTERS HAVING UNIQUE MAGNETIC FIELD CAPABILITY
AND WILL PROVIDE LIAISON BETWEEN NASA AND POTENTIAL USERS IN THE
MEDICAL COMMUNITY AND IN OTHER AGENCIES.
RTOP NO. 770-90-10 TITLE: AUTOMOTIVE POWER SYSTEMS ASSISTANCE
PROGRAM
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SHURE, L. I. TEL. 216-433-6632
TECHNICAL SUMMARY
THE OBJECTIVE OF THE AUTOMOTIVE POWER SYSTEMS ASSISTANCE PROGRAM
IS TO MAKE AVAILABLE TO THE ADVANCED AUTOMOTIVE POWER SYSTEMS' PROGRAM
OF THE ENVIRONMENTAL PROTECTION AGENCY THE TECHNICAL EXPERTISE
DEVELOPED UNDER THE NASA PROGRAMS. THIS EXPERTISE IS TYPIFIED BY THE
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TECHNOLOGIES OF TURBINE ENGINES, BRAYTON ENGINE, RANKINE SYSTEMS,
HIGH PERFORMANCE BA~TERIES, ADVANCED ELECTRIC GENERATORS, AUTOMATIC
CONTROLS, HEAT TRANSFER, MATERIALS, AND OTHER RELATED SCIENTIFIC
DISCIPLINES. THE PRIMARY EMPHASIS WILL BE GIVEN TO THOSE AREAS THAT
WILL BE OF MUTUAL BENEFIT TO BOTH AGENCIES. ANOTHER AREA OF
SIGNIFICANT BENEFIT IS IN THE APPLICATION OF MANAGEMENT TECHNIQUES
AND CAPABILITIES DEVELOPED BY LEWIS RESEARCH CENTER FOR THE CONDUCT
OF FOCUSED TECHNOLOGY PROGRAMS BOTH IN-HOUSE AND UNDER CONTRACT.
RTOP NO. 770-90-11 TITLE: TECHNOLOGY FOR ADVANCED, LOW-POLLUTION
GROUND POWER SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER!
MONITOR: GUTSTEIN, M. TEL. 216-433-6862
TECHNICAL SUMMARY
THE NEED TO PROVIDE ADEQUATE, NON-POLLUTING SUPPLIES OF
ELECTRICAL POWER WILL REQUIRE ADVANCED GROUND POWER SYSTEMS SUCH AS
THE FAST BREEDER FISSION PLANT, HIGH-TEMPERATURE HIGH-THERMAL
EFFICIENCY TOPPING CYCLES AND FUSION POWER. THE LEWIS RESEARCH
CENTER HAS CONDUCTED RESEARCH AND TECHNOLOGY DEVELOPMENT IN A VARIETY
OF SPACE-ORIENTED FIELDS WHICH HAVE THE POTENTIAL OF BEING APPLICABLE
TO THESE ADVANCED GROUND POWER SYSTEMS. DURING FY 1972, A SMALL
EFFORT WILL BE DEVOTED TO EXPLORE THE UTILIZATION OF THIS RESEARCH
AND TECHNOLOGY FOR ADVANCED GROUND POWER SYSTEMS. THIS WORK WILL BE
DIRECTED TOWARD EVALUATING THE FEASIBILITY OF HIGH-TEMPERATURE
BRAYTON AND RANKINE SYSTEMS FOR TOPPING CYCLES OF CONVENTIONAL GROUND
POWER SYSTEMS, THE APPLICABILITY OF THE HIGH-TEMPERATURE RANKINE
SYSTEM TECHNOLOGY TO THE FUSICN POWER CONVERSION SYSTEM, AND TO
EVALUATE WAYS TO APPLY AND EXTEND THE LEWIS RESEARCH CENTER'S SPACE
RESEARCH AND DEVELOPMENT CONTRIBUTIONS TO THE ADVANCED GROUND POWER
SYSTEMS.
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RTOP NO. 132-15-01 TITLE: BEARINGS, SEALS AND LUBRICATION
ORGANIZATION: LEWIS RESEARCH CENTER - \
MONITOR: JOHNSON, R. L. TEL. 216-433-4000
TECHNICAL SUMMARY
BASIC MATERIALS, DEVELOPMENT, DESIGN THEORY, ANALYSIS AND
EXPERIMENTATION WILL BE PERFORMED FOR EXTREME CONDITIONS WITH
LUBRICANTS g LUBRICATION SYSTEMS, COMPONENT MATERIALS AND COMPONENT
DESIGNS FOR BEARINGS, AND SEALS OF ADVANCED AIRCRAFT TURBINE ENGINES
TO ACHIEVE EFFICIENT PERFORMANCE, RELIABILITY AND EXTENDED LIFE.
RTOP NO. 132-15-03 TITLE: APPLICATION STUDIES FOR AIRBREATHING
ENGINES
ORGANIZATION: LEWIS RESEARCH CENTER _~
MONITOR: WEBER, R. J. TEL. 216-433-6605
TECHNICAL SUMMARY
DESIRABLE DESIGN CHARACTERISTICS OF VARIOUS FUTURE AIRCRAFT
ANDTHEIR ASSOCIATED PROPULSION SYSTEMS WILL BE STUDIED. CYCLE
ANALYSES AND WEIGHT ESTIMATES FOR A NUMBER OF ENGINE DESIGNS WILL BE
COMBINED WITH STRUCTURAL AND AERODYNAMIC ESTIMATES FOR VARIOUS
AIRFRAMES. RESULTS WILL PROVIDE COMPARISONS AND EVALUATIONS OF
VARIOUS PROPULSION SYSTEMS IN MISSIONS OF INTEREST AND WILL SUPPORT
THE EFFORTS OF COMPONENT RESEARCHERS IN OTHER GROUPS. STUDIES WILL
BE DIRECTED AT SUCH AIRCRAFT AS VTOL, STOL, AND ADVANCED SUBSONIC
TRANSPORTS.
RTOP NO. 132-63-01 TITLE: UPDATING & SUPPORT OF TEST FACILITIES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: LOGAN, W.O., JR. TEL. 216-433-4000
TECHNICAL SUMMARY
MODERNIZE AND REFINE PROPULSION TEST STANDS AND LABORATORIES,
AND DEVELOP MORE EFFICIENT EXPERIMENTAL TECHNIQUES FOR ENGINE AND
COMPONENT RESEARCH. FACILITY IMPROVEMENTS AND INSTRUMENTATION
PROCEDURES TO EXTEND TEST CAPABILITIES OR REDUCE OP£RATIONAL MANPOWER
REQUIREMENTS. OVERHAUL AND UPGRADING OF OLDER ITEMS WHICH ARE
SERVICEABLE Bur INADEQUATE FOR PROJECTED RESEARCH fROGRAMS.
RTOP NO. 132-80-01 TITLE: AIRCRAFT PROPULSION SYSTEM NOISE
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE GENERAL OBJECTIVES OF THIS TASK ARE (1) TO OBTAIN A
CORRELATION BETWEEN THE FLUCTUATIONS AND THE INTENSITY AND FREQUENCY
SPECTRUM OF THE NOISE RADIATED FROM SUPERSONIC JETS, AND (2) TO
REDUCE THE NOISE GENERATED BY ATTEMPTING TO REDUCE THE TURBULENCE AND
THE SHEAR. EXPERIMENTAL MEASUREMENTS OF THE PERCEPTIVE NOISE LEVEL
WILL BE MADE IN THE SURROUNDINGS OF HIGH-TEMPERATURE JETS.
ADDITIONAL MEASUREMENTS WILL CONSIST OF MASS FLOW RATE, GAS
TEMPERATURES AND PRESSURES, NOZZLE WALL PRESSURES AND FLUCTUATING
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QUANTITIES. THE EXPERIMENTAL DATA WILL BE ANALYZED TO EVALUATE THE
FREQUENCY SPECTRUM, THE JET VELOCITY DISTRIBUTION AND THE THRUST.
CORRELATIONS BETWEEN THE RADIATED NOISE AND THE FLUCTUATING
QUANTITIES WILL BE ESTABLISHED. TESTS WILL BE CONDUCTED OVER A RANGE
OF FLOW CONDITIONS. THE GENERATION OF JET NOISE DUE TO THE
PROPAGATION OF IMPULSIVE DISTURBANCES CREATED IN THE NOZZLE PLENUM
WILL BE INVESTIGATED THROUGH CONTINUING ANALYSIS OF EXISTING ROCKET
ENGINE DATA. FURTHER TESTS WILL BE CONDUCTED ON A SMALL-SCALE
COLD-FLOW SUPERSONIC NOZZLE USING A BLOWDOWN TANK. NEW METHODS OF
REDUCING JET NOISE WILL BE INVESTIGATED IN THIS FACILITY.
RTOP NO. 132-80-01 TITLE: AIRCRAFT PROPULSION SYSTEM NOISE
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: GUEST, S. H. TEL. 205-453-0176
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DETERMINE THE PHYSICAL MECHANISMS INVOLVED
IN THE PROCESS OF SOUND GENERATION IN FLUID DYNAMIC FLOWS (JET AND
ROCKET EXHAUST FLOWS), I.E., TO DESCRIBE THESE MECHANISMS THROUGH
CORRELATION OF THE INTERNAL MEASURABLE EXHAUST FLOW PROPERTIES WITH
THE EXTERNALLY OBSERVED ACOUSTIC FIELDS. UTILIZING THE KNOWLEGE OF
THE BASIC NOISE GENERATION MECHANISMS, CONTROL OF THE RESULTING
RADIATED ACOUSTIC FIELDS MAY BE AFFECTED. A SYSTEMATIC DETAILED
DESCRIPTION OF THE PHYSICAL CHARACTERISTICS OF ENGINE EXHAUST FLOWS
CAN BEOBTAINED BY----
RTOP NO. 132-80-01- TITLE: AIRCRAFT PROPULSION SYSTEMS NOISE
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: KRAMER, J. J. TELa 216-433-6878
TECHNICAL SUMMARY
THE WORK IN THIS PROGRAM IS DIRECTED TO OBTAINING AN
UNDERSTANDING OF THE VARIOUS NOISE SOURCES IN AIRCRAFT PROPULSION
SYSTEMS AND TO DETERMINING METHODS OF REDUCING OR SUPPRESSING THE
NOISE. THE SOURCES INCLUDE THE FAN, COMPRESSOR, TURBINE, AND JET
EXHAUST OVER A WIDE VELOCITY RANGE. ANALYTICAL STUDIES AND
FULL-SCALE/SMALL-SCALE EXPERIMENTS ARE PERFORMED TO DETERMINE NOISE
REDUCTION FEATURES IN THE DESIGN OF THESE COMPONENTS. SIMILAR
STUDIES ARE PERFORMED FOR THE PURPOSE OF DETERMINING SUITABLE,
ACOUSTICALLY TREATED NACELLE DESIGNS TO REDUCE NOISE FROM THE
INTERNAL SOURCES AND NOZZLES TO REDUCE JET NOISE. IN REGARD TO JET
NOISE, ONE GOAL WILL BE TO OBTAIN A CORRELATION THAT WILL BE
ACCEPTABLE THROUGHOUT THE FIELD FOR PREDICTING THIS NOISE.
RTOP NO. 132-86-01 TITLE: COMBUSTION EMISSION ANALYSES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: CHILDS, J. H. TEL. 216-433-4000
TECHNICAL SUMMARY
THE CONCENTRATIONS OF VARIOUS PARTICULATE AND GASEOUS POLLUTANTS
IN THE REGION JF THE ATMOSPHERE BETWEEN 20,000 IND 40,000 FEET WILL
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BE MEASURED BY EMPLOYING SAMPLING DEVICES ON COMMERCIAL AIR
TRANSPORTS. ADDITIONAL SAMPLING WILL BE CONDUCTED IN THE UPPER
STRATOSPHERE USING A YF12 OR OTHER HIGH ALTITUDE AIRCRAFT. THESE
MEASUREMENTS WILL BE USED TO ESTABLISH BASELINE DATA ON THE
CONTAMINANTS IN THE ATMOSPHERE IN ORDER TO DEDUCE THE RELATIVE
CONTRIBUTION TO ATMOSPHERIC POLLUTION BY JET AIRCRAFT. THIS
INFORMATION MAY THEN BE USED TO DETERMINE ANY NECESSARY STEPS
REQUIRED TO REDUCE POLLUTION BY JET AIRCAFT. COMPONENTS TO BE
MEASURED WILL INCLUDE HYDROCARBONS, CARBON MONOXIDE, OXIDES OF
NITROGEN, OXIDES OF SULFUR, OZONE, WATER, AND TOTAL PARTICULATES.
RTOP NO. 132~86-02 TITLE: LOW POLLUTANT COMPONENTS AND SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: CHILDS, J. H. TEL. 216-433-4000
TECHNICAL SUMMARY
VARIOUS TECHNIQUES FOR REDUCING POLLUTANT EMISSIONS WILL BE
INVESTIGATED IN FULL-SCALE PRIMARY COMBUSTORS, FULL-SCALE REHEAT
BURNERS, AND IN VARIOUS COMBUSTOR SEGMENT RIGS. DESIGN TECHNIQUES TO
BE INVESTIGATED FOR REDUCTION OF NITRIC OXIDE EMISSION INCLUDE
REDUCED DWELL TIME IN THE REACTION ZONE, PREVAPORIZATION OF THE FUEL,
AND PREMIXING )F FUEL AND AIR TO AN OPTIMUM INITIAL MIXTURE
COMPOSITION. DESIGN TECHNIQUES FOR REDUCING THE EMISSIONS OF CARBON
~ONOXIDE AND UNBURNED HYDROCARBONS INCLUDE IMPROVED FUEL ATOMIZATION
AND ENRICHMENT OF THE REACTION ZONE BY DIVERTING A PORTION OF THE AIR
DURING ENGINE IDLE CONDITIONS. EXTENSIVE ITERATIVE TESTS WILL BE
REQUIRED IN ORDER TO EVOLVE COMBUSTOR CONFIGURATIONS WHICH COMBINE
LOW POLLUTANT EMISSIONS WITH THE OTHER PERFORMANCE CHARACTERISTICS
REQUIRED OF CO~BUSTORS. A CONTRACT PROGRAM WILL BE CONDUCTED TO
APPLY MANY OF THESE SAME DESIGN FEATURES IN A COMBUSTOR WHICH CAN FIT
INTO AN EXISTING COMMERCIAL AIRCRAFT ENGINE. EXPERIMENTS WILL BE
PERFORMED IN A SMALL FLAMETUBE WHEREIN MIXTURE COMPOSITION, DWELL
TIME, AND SCALE AND INTENSITY OF TURBULENCE CAN BE VARIED. A
CONTRACT PROGRAM WILL BE INITIATED TO IDENTIFY THE ODOR-CAUSING
CONSTITUENTS IN GAS TURBINE EXHAUST AT ENGINE IDLE CONDITIONS. WORK
WILL CONTINUE ON DEVELOPMENT OF NON-CATALYTIC REACTORS FOR
SPARK-IGNITION RECIPROCATING ENGINES.
RTOP NO. 762-73-01 TITLE: EXPERIMENTAL QUIET ENGINE
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: KRAMER, J. J. TEL. 216-433-6878
TECHNICAL SUMMARY
PRELIMINARY DESIGN STUDIES AND LEWIS IN-HOUSE RESEARCH HAVE
INDICATED THAT A SUBSTANTIAL REDUCTION IN NOISE OUTPUT OF ENGINES
SUITABLE FOR SUBSONIC TRANSPORT AIRCRAFT CAN BE ACHIEVED. THE NEXT
STEP IN THIS PROGRAM IS TO DEMONSTRATE THIS TECHNOLOGY IN AN-
EXPERIMENTAL ENGINE. A CONTRACT PROGRAM WILL PROVIDE ENGINE DETAILED
DESIGNS~ A FAN DEVELOPMENT PROGRAM; AND FABRICATION, TESTING AND
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DELIVERY OF TEST ENGINES TO LEWIS RESEARCH CENTER. SUBSEQUENT TESTS
OF THESE ENGINES AT LEWIS WITH ACOUSTICALLY TREATED NACELLES WILL
DEMONSTRATE MINIMUM INSTALLED PROPULSION SYSTEM NOISE LEVELS.
RTOP NO. 762-73-02 TITLE: QUIET ENGINE RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER, --
MONITOR: KRAMER, J. J. TEL. 216~433-6878
TECHNICAL SUMMARY
RESEARCH WILL BE PERFORMED IN VARIOUS AREAS IN DIRECT SUPPORT OF
THE QUIET ENGI~E. PRIME AREAS OF ACTIVITY ARE FULL-SCALE NOISE
TESTING, FULL-SCALE SUPPRESSOR DEVELOPMENT AND FULL-SCALE ENGINE
TESTING. THE WORK IN THIS PROGRAM IS IN DIRECT SUPPORT OF RTOP
762-73-01 (EXPERIMENTAL QUIET ENGINE). IN THIS PROGRAM VARIOUS
PROBLEM AREAS WILL BE EXPLORED USING HARDWARE OF APPROPRIATE SCALE
FOR USE IN THE QUIET ENGINE. INITIAL ACTIVITY WILL CONSIST OF TESTING
FULL-SCALE FANS AND SUPPRESSORS DESIGNED FOR USE IN THE QUIET ENGINE.
SUBSEQUENT WORK AREAS ARE FURTHER NOISE REDUCTION OF TOTAL ENGINE
SYSTEMS.
RTOP NO. 762-74-Q1 TITLE: ADVANCED INTEGRATED PROPULSION CONTROLS
PROGRAM
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ZELLER, J. R. TEL. 216~433-4000
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO INVESTIGATE THE POTENTIAL
AIRCRAFT PERFORMANCE GAINS POSSIBLE BY USING ADVANCED CONTROL
TECHNIQUES TO INTEGRATE THE DYNAMIC OPERATION OF AN INLET AND TURBINE
ENGINE SYSTEM INTO A TOTAL AIRBREATHING PROPULSION SYSTEM. THE GAINS
BEING PURSUED WOULD BE IN AREAS SUCH AS: (1) REDUCING THE FREQUENCY
OF ENGINE STALL DURING MANEUVERS, (2) INCREASING RANGE, AND (3)
REDUCING TAKE-JFF DISTANCE. PREVIOUS STUDIES HAVE SHOWN THESE TO BE
SOME -OF THE AREAS IN WHICH AN ADVANCED INTEGRATED PROPULSION CONTROL
SYSTEM CAN DEMONSTRATE IMPROVEMENT. TO PROVIDE COMPLETE FLEXIBILITY
AND VERSATILITY FOR THE IMPLEMENTING OF MORE COMPLEX CONTROL LAWS,
THE RESEARCH PROPULSION CONTROLLER WILL USE A DIGITAL COMPUTER
CONTROL SYSTEM. TO FACILITATE AN INVESTIGATION OF THE BENEFITS OF
INTEGRATED PROPULSION CONTROL IN A FLIGHT ENVIRONMENT, THE SYSTEM
WILL BE EVALUATED IN A FLIGHT RESEARCH PROGRAM ON ONE SIDE OF THE
F-111 AIRCRAFT. THIS AIRCRAFT IS SELECTED BECAUSE OF ITS OPERATIONAL
STATUS AND THE FACT THAT IT USES A TWO SPOOL AFTERBURNING TURBOFAN
ENGINE. THIS ENGINE IS TYPICAL OF THE ENGINES BEING DEVELOPEDFOR
FUTURE MULTI-MISSION AIRCRAFT TO PROVIDE FOR THE FLIGHT TESTS, A
DIGITAL COMPUTER CONTROL SYSTEM, QUALIFIED FOR A FLIGHT ENVIRONMENT
WILL BE PROVIDED.
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RTOP NO. 762-75-01 TITLE: HYPERSONIC RESEARCH ENGINE
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SU~MARY
TO DEFINE A PRACTICAL, HIGH-PERFORMANCE, MACH 3 TO 8 LIQUID
HYDROGEN HYPERSONIC RAMJET ENGINE OF LABORATORY SIZE BY BUILDING A
FULL-SCALE, WAT~R-COOLED, AEROTHERMODYNAMIC INTEGRATION MODEL (AIM),
AND A FULL-SCALE, HYDROGEN-COOLED, STRUCTURES ASSEMBLY MODEL (SAM) OF
THE HRE; AND MEASURING THE AEROTHERMODYNAMIC PERFORMANCE FROM MACH 5
TO 1 WITH THE AIM AND EVALUATING AT MACH 1 THE ENGINE STRUCTURES
THERMAL PERFORMANCE AND LOW CYCLE FATIGUE CHARACTERISTICS. THE
OBJECTIVE IS TJ ADVANCE AND CRYSTALLIZE THE TECHNOLOGY OF HYPERSONIC
AIRBREATHING PROPULSION SYSTEMS AND EVALUATE THE REQUIREMENTS FOR
FUTURE RESEARCH.THE SUPERIOR FUEL ECONOMY OF AIRBREATHING PROPULSION
REQUIRES THAT SUCH SYSTEMS BE REEXAMINED IN LIGHT OF THE CURRENT
TECHNOLOGY FOR APPLICATION TO ANY NEW HYPERSONIC ATMOSPHERIC FLIGHT
MISSION.
RTOP NO. 762-15~01 TITLE: HYPERSONIC RESEARCH ENGINE
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ·LEZBERG, E. A. TEL. 216-433-4000
TECHNICAL SUMMARY
ENGINE TESTING OF THE HRE, AEROTHERMODYNAMIC INTEGRATION MODEL
WILL BE CONDUCTED AT THE PLUM BROOK, HTF OVER A MACH NUMBER RANGE OF
5-1 TO PROVIDE INFORMATION ON COMPONENT INTERACTIONS, IGNITION,
COMBUSTION MODE TRANSITION AND PERFORMANCE. TESTING SHOULD SPAN
ABOUT A 8-9 MONTH PERIOD BEGINNING IN THE SECOND QUARTER OF FY 1972,
AND INCLUDE TESTS AT TWO PRESSURE (ALTITUDE) LEVELS AND AT ANGLE OF
ATTACK. A FOLLOW-ON PROGRAM BEGINNING IN FY 1974 WOULD BE TESTING OF
A COMPONENT INTEGRATION MODEL MORE TYPICAL OF AN ENGINE FOR A
REUSABLE BOOSTER OR CRUISE AIRPLANE TO DETERMINE PERFORMANCE IN THE
SIMULATED VEHICLE FLOW FIELD.
RTOP NO. 764-72-02 TITLE: VTOL PROPULSION SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER _
MONITOR: STEWART, W. L. TEL. 216-433-4000
TECHNICAL SUMMARY
THE NASA IS ENGAGED IN A PROGRAM DIRECTED AT THE INVESTIGATION
OF COMMERCIAL VTOL AIRCRAFT EMPLOYING DIRECT LIFT FAN ENGINES.
RESPONSIBILITY FOR VTOL AIRFRAME AND AIRCRAFT STUDIES IS AT AMES AND
IS COVERED UNDER ANOTHER RTOP. THE PROPULSION NEEDS OF THE PROGRAM
ARE THE RESPONSIBILITY OF LEWIS RESEARCH CENTER AND INCLUDE 1)
ESTABLISHING A TECHNOLOGY BASE FOR LIFT FAN ENGINES, AND 2) PROVIDING
PROPULSION SUPPORT TO AMES FOB THEIR AIRCRAFT STUDIES AS REQUIRED.
THE ENGINE TECHNOLOGY PROGRAM IS DIRECTED AT THE INVESTIGATION OF
PROBLEMS ASSOCIATED WITH THE ENGINE COMPONENTS, INTEGRATION OF THE
ENGINE COMPONENTS, ENGINE INSTALLATION EFFECTS, AND ENGINE NOISE
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10X10 AND 8X6 SUPERSONIC WIND TUNNEL WITH AND WITHOUT A J-85 OR TF-30
ENGINE OR A RESEARCH COMPRESSOR. AT TRANSONIC SPEEDS, THE GROUND
TEST FACILITIES ARE COMPLEMENTED BY A FLIGHT TEST PROGRAM WHICH IS
BASED ON THE USE OF AN F-106 AIRCRAFT WITH UNIQUE MODIFICATIONS FOR
INLET RESEARCH. THIS FACILITY PERMITS TESTING OF AIRFRAME
INSTALLATION EFFECTS ON COMPLEX INLET MODELS AT A MUCH LARGER SCALE
THAN CAN BE ACHIEVED IN EXISTING TRANSONIC WIND TUNNELS. PROPULSION
SYSTEM PERFORMANCE, STABILITY AND COMPATIBILITY WILL BE DETERMINED
AND RELATED TO INLET AND ENGINE DESIGN PARAMETERS. THESE TESTS WILL
BE DONE BOTH ISOLATED AND ALSO IN THE FLOW FIELD OF A PORTION OF THE
AIRFRAME SUCH AS A WING OR FORIBODY.
RTOP NO. 764-74~01 TITLE: SUPERSONIC INLETS u INLET CONTROLS F AND
ENGINE DYNAMICS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ROBERTS, L. TELo 415-961-2280
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO PROVIDE INFORMATION NEEDED
IN THE DESIGN ~ND OPERATION OF EFFICIENT AIR INDUCTION SYSTEMS FOR
SUPERSONIC AIR:RAFT. THE SPECIFIC AREAS RECEIVING ATTENTION ARE (1)
A GENERAL UNDERSTANDING OF BASIC FLOW PROBLEMS ENCOUNTERED (FLOW
FIELDS AT INLET ENTRANCE g BOUNDARY LAYER GROWTH, INTERACTION WITH
SHOCKS, SEPARArION,. BLEED u ETCo,) AND DERIVATION OF MATHEMATICAL
DESIGN PROCEDURES (2) MORE DETAILED STUDIES OF TWO GENERAL CLASSES OF
INLETS; TWO-DIMENSIONAL AND AXISYMMETRIC (3) CONTINUOUS UP-DATING OF
AVAILABLE COMPUTER PROGRAMS DERIVED TO AID IN INLET DESIGN (4) FLOW
DISTORTION AND FLUCTUATIONS AT THE COMPRESSOR FACE g AND (5) THE
RELATION BETWEEN CLEAR-AIR TURBULENCE AND ENGINE UNSTARTS, OR INLET
INSTABILITY. THE RESEARCH STUDIES ARE BOTH ANALYTICAL AND
EXPERIMENTAL, AND INVOLVE IN-HOUSE, GRANT, AND CONTRACT EFFORTSo
RTOP NO. 764-74-02 TITLE: SUPERSONIC EXHAUST NOZZLE SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. Ko, JRo TEL. 703-827-3285
TECHNICAL SUMMARY
A PRIME GOAL OF JET EXIT RESEARCH IS TO ACHIEVE EXHAUST NOZZLE
DESIGNS CAPABLE OF NEAR IDEAL CONVERSION OF THE PRESSURE AND THERMAL
ENERGY OF THE ENGINE INTERNAL FLOW INTO THRUST OF THE EXHAUST JET;
AND, TO DEVISE AND INVESTIGATE EXHAUST NOZZLE MECHANISMS WHICH PERMIT
VARIATION OF THROAT SIZE AND NOZZLE EXPANSION RATIO TO MAINTAIN THIS
NEAR IDEAL PEBFORMANCE OVER ANY REQUIRED RANGE OF VEHICLE AIRSPEED
AND NOZZLE PRESSURE RATIO. AN EQUALLY IMPORTANT GOAL IS REALIZATION
OF SYSTEMATIC DESIGN PROCEDURES FOR INCORPORATION OF SINGLE OR
MULTIPLE EXHAUST NOZZLES INTO AN AIRFRAME TO YIELD A CONFIGURATION
NOT PENALIZED BY LOSS OF THRUST OR INCREASE IN DRAG RELATED TO THE
EXHAUST NOZZLE INSTALLATION. A FURTHER GOAL IS CONTINUED STUDY OF
BOUNDARY LAYER AND JET MIXING If AND OF JET EFFECTS ON BASE AND
BOATTAIL DRAG, AND TO REDUCE TO SCIENCE THE KNOWLEDGE OF THESE MUTUAL
INTERFERENCES BETWEEN EXHAUST JET PLUME, AIRFRAME, AND EXTERNAL
AIRSTREAM, WITH A VIEW TO EXPLOIT THESE PHENOMENA FOR ACHIEVEMENT OF
88
GENERATION. LIFT ENGINE CONFIGURATIONS BEING CONSIDERED INCLUDE
REMOTE DRIVE FANS, DRIVEN BY EITHER TURBOJET OR ~URBOFAN GAS
GENERATORS, AND INTEGRAL DRIVE FANS.
RTOP NO. 764-72-03 TITLE: HIGH SPEED SHAFTING AND GEARING
ORGANIZATION: LEWIS RESEARCH CENTER,
MONITOR: ANDERSON, W. J. TEL. 216-433-4000
TECHNICAL SUMMARY
MATERIALS, FABRICATION TECHNIQUES, DESIGNS AND LUBRICATION
TECHNIQUES FOR GEARING WILL BE DEVELOPED. ANALYTIC TECHNIQUES FOR
BALANCING, DETERMINING AND CONTROLLING THE DYNAMIC BEHAVIOR OF SHAFTS
AND ROTORS WILL BE DEVELOPED AND CORROBORATED EXPERIMENTALLY TO
PROVIDE BETTER DESIGN TOOLS FOR HIGH SPEED TURBOMACHINERY, SHAFTING
AND TRANSMISSIJNS.
RTOP NO. 764-74-01 TITLE: SUPERSONIC INLETS, INLET CONTROLS, AND
ENGINE DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVES ARE TO DEVELOP AN UNDERSTANDING OP THE INLET AND
PROPULSION SYSTEM REQUIREMENTS FOR ADVANCED AIRCRAFT, TO DETERMINE
THE TYPES OF DESIGNS WHICH SATISFY THESE REQUIREMENTS, AND TO PROVIDE
THE TECHNOLOGY REQUIRED TO ASSURE SUCCESSFUL OPERATION OF ADVANCED
INLETS. THE RESEARCH IS DIRECTED TOWARD MILITARY AND COMMERCIAL
AIRCRAFT. CURRENTLY, PRIMARY EMPHASIS IS DIRECTED TOWARD DEVELOPING
RELIABLE METHODS FOR PREDICTING THE PRESSURE DISTRIBUTIONS ON INLET
AND NACELLE SURFACES AT SUBSONIC AND TRANSONIC SPEEDS. THE RESULTS
OF ANALYTICAL METHODS WILL BE COMPARED WITH EXPERIMENTAL RESULTS FOR
TWO-AND THREE-DIMENSIONAL INLETS. EMPIRICAL PROCEDURES WILL BE
DEVELOPED AS REQUIRED. ANALYTICAL RESEARCH IS ALSO UNDERWAY TO
DEVELOP METHODS POR PREDICTING THE INLET FLOW FIELDS WHICH ARE
GENERATED BY FUSELAGE FOREBODIES.
RTOP NO. 764-74-01 TITLE: SUPERSONIC INLETS AND ENGINE DYNAMICS
ORGANIZATION: LEWIS RESEARCH CENTER!
MONITOR: BEHEIM, M. A. TEL. 216-433-6374
TECHNICAL SUMMARY
THE OBJECTIVE IS TO CONTINUE TO DEVELOP THE TECHNOLOGY REQUIRED
FOR THE DESIGN OF INLETS FOR FUTURE SUPERSONIC AIRCRAFT. PARTICULAR
EMPHASIS WILL BE PLACED ON THE STABILITY PROBLEMS OF HIGH-PERFORMANCE
INLETS AT THEIR DESIGN SPEED, ON THE MUTUAL INTERACTION PROBLEMS THAT
RESULT WHEN INfEGRATING THESE COMPONENTS INTO A COMPLETE AIRFRAME AND
PROPULSION SYSTEM, AND ON THE PERFORMANCE AND VARIABLE-GEOMETRY
PROBLEMS THAT ARE ENCOUNTERED DURING OFF-DESIGN OPERATION. RESULTS
WOULD BE APPLICABLE TO SUPERSONIC DASH MILITARY AIRCRAFT AND TO
SUPERSONIC CRUISE COMMERCIAL AIRCRAFT. TO STUDY THESE PROBLEMS,
SUPERSONIC CRUISE AND DASH INLETS WILL BE DESIGNEn AND TESTED IN THE
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IMPROVED VEHICLE PERFORMANCE. THE TERM EXHAUST NOZZLE HERE IS MEANT
TO INCLUDE JET NOISE SUPPRESSORS AND THRUST REVERSERS. STUDIES OF THE
EFFECT OF JET DEFLECTION ON LIFT INDUCED ON THE AIRFRAME WILL BE
CONTINUED. THIS WORK IS DIRECTED TOWARD AIRCRAFT CONFIGURATIONS OF
HIGH MANEUVERABILITY AND INCREASED RANGE. WORK WILL BE STARTED ON
EXPLOITATION OF JET ENTRAINMENT OF THE EXTERNAL. FLOW TO REDUCE SHOCK
INDUCED AIRFRAME DRAG AND WING INDUCED DRAG. AN EXHAUST NOZZLE g
CAPABLE OF JET NOISE ATTENUATION, YET HA~ING HIGH PERFORMANCE OVER A
WIDE SPEED RANGE, WILL BE INVESTIGATED.
RTOP NO. 764-74-02 TITLE: SUPERSONIC JET EXHAUST SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER I
MONITOR: _ BEHEnI, M. A. TEL. 216,..433:..6374
TECHNICAL SUMMARY
THE OBJECTIVE IS TO CONTINUE TO DEVELOP THE TECHNOLOGY REQUIRED
FOR THE DESIGN OF NOZZLES OF FUTURE SUPERSONIC AIRCRAFT. PARTICULAR
EMPHASIS WILL BE PLACED ON THE PERFORMANCE, COOLING g NOISE
SUPPRESSION, AND VARIABLE GEOMETRY PROBLEMS THAT ARE ENCOUNTERED
DURING OPERATION OVER A BROAD RANGE OF FLIGHT SPEEDS. IN ADDITION 8
STUDIES WILL BE MADE OF THE MUTUAL INTERACTION PROBLEMS THAT OCCUR
WHEN INTEGRATING THE NOZZLE INTO A COMPLETE AIRFRAME AND PROPULSION
SYSTEM. RESULrs WOULD BE APPLICABLE TO SUPERSONIC DASH MILITARY
AIRCRAFT AND TO SUPERSONIC CRUISE COMMERCIAL AIRCRAFT. AS NEW NOZZLE
REQUIREMENTS ARISE ANO FABRICATION METHODS IMPROVE, NEW NOZZLE
DESIGNS APPEAR. THE INTERNAL FLOW OF THESE NOZZLES WILL BE
INVESTIGATED ANALYTICALLY AND EXPERIMENTALLY IN A QUIESCENT TEST
FACILITY. THE EXTERNAL FLOW EFFECTS AT TRANSONIC SPEEDS WILL BE
EXPERIMENTALLY INVESTIGATED BOTH ISOLATED AND IN THE AIRFRAME FLOW
FIELD. SMALL SCALE TESTS WILL BE DONE IN THE 8X6 SiT UTILIZING COLD
FLOW FROM AN EXTERNAL SOURCE OR A 4" TURBOJET SIMULATOR. LARGER SCALE
TESTS CANNOT BE DONE IN A WIND TUNNEL, AND SO AN F-106 UTILIZING
UNDERWING NACELLES OBTAINS INTERFERENCE-FREE DATA FOR 25" NOZZLES
MOUNTED JUST AFT OF THE WING. NOZZLE COOLING WILL BE INVESTIGATED
ANALYTICALLY AND BY TESTING COOLED NOZZLE CONFIGURATIONS BEHIND AN
AFTER BURNING J-85 ENGINE.
RTOP NO. 764-74-03 TITLE: COMPRESSORS AND FANS
ORGANIZATION: LEWIS RESEARCH CENTER
~ONITOR: HARTMANN, M. J. TEL. 216-433-6650
TECHNICAL SUMMARY
APPROACHES TO REDUCE FAN AND COMPRESSOR WEIGHT AND IMPROVE
PERFORMANCE WILL BE INVESTIGATED. REDUCTIONS IN COMPONENT WEIGHT CAN
BE ACHIEVED BY INCREASING STAGE PRESSURE RATIO, THUS REDUCING THE
NUMBER OF STAGES AND BY INCREASING THE FLOW RATE TO OBTAIN A SMALLER
DIAMETER. THE LIGHTWEIGHT FAN AND COMPRESSOR MUST OPERATE
EFFICIENTLY WIrH THE NECESSARY STALL MARGIN AND DISTORTION TOLERANCE
OVER A WIDE RANGE OF FLIGHT CONDITIONS. A. BLADING FOR HIGHER STAGE
PRESSURE RATIO COMPRESSORS MUST BE DESIGNED TO OPERATE AT HIGHER MACH
NUMBERS AND HIGHER LEVELS OF AERODYNAMIC LOADING. B. INCREASED
BLADE LOADING ro ACHIEVE HIGHER PRESSURE RATIOS MUST BE STUDIED.
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VARIOUS APPROACHES TO DELAY END WALL STALL INCLUDING CASING TREATMENT
MAY PROVIDE INCREASED STALL MARGIN AND TOLERANCE TO INLET FLOW
DISTORTION. C. DESIGNS PERMITTING HIGHER FLOW VELOCITIES WILL BE
STUDIED. APPRJACHES TO ANALYZING "FLOW CHOKING" ~ND FLOW CONDITIONS
IN THE REGION 31" THE SHOCKS MUST BE DEVISED. D. CONCEPTS THAT PROVE
PROMISING IN SINGLE STAGE STUDIES ARE BEING INVESTIGATED IN
MULTISTAGE COMPRESSORS. THESE INCLUDE ADVANCED BLADE SHAPES r
VARIABLE CAMBER BLADE ROWS AND CASING TREATMENT. E. LOW HUB
DIAMETER FANS SUITABLE FOR LOW NOISE HIGH BYPASS RATIO ENGINE SYSTEMS
MUST BE INVESTIGATED.
RTOP NO. 764-74-04 TITLE: ADVANCED COMBUSTORS AND FUELS
ORGANIZATION: LEWIS RESEARCH CENTER ~.
MONITOR: CHILDS r J. H. TEL. 216-433-4000
TECHNICAL SUMMARY
THE PRIMARY COMBUSTOR RESEARCH WILL EST~BLISH THE TECHNOLOGY
NECESSARY FOR COMBUSTORS HAVING HIGH PERFORMANCEwLOW POLLUTANT
EMISSIONS r AND GOOD DURABILITY AT OPERATING CONDITIONS TYPICAL OF
ADVANCED COMMERCIAL AND MILITARY AIRCRAFT. THREE BASICALLY DIFFERENT
COMBUSTOR TYPES ARE PRESENTLY UNDER INVESTIGATION: A RAM INDUCTION
COMBUSTOR r A M~DULAR SWIRL ELEMENT COMBUSTOR r AND A ONE-SIDE-ENTRY
COMBUSTOR. EXTENSIVE ITERATIVE TESTS WILL BE REQUIRED TO DETERMINE
THE EXTENT TO WHICH EACH OF THESE COMBUSTOR TYPES CAN PROVIDE THE
DESIRED PERFORMANCE. PRIMARY COMBUSTORS OF THREE DIFFERENT SIZES
WILL BE INVESTIGATED; IT IS EXPECTED THAT DIFFERENT CONFIGURATIONS
WILL BE REQUIRED FOR EACH OF THESE SIZES. THE REHEAT BURNER PROGRAM
PLACES PRIMARY EMPHASIS ON THE REQUIREMENTS OF ADVANCED ENGINES WITH
HIGHER TURBINE-EXIT TEMPERATURES. VARIOUS NEW REHEAT BURNER CONCEPTS
WILL BE INVESTIGATED; THESE INCLUDE MODULAR SWIRL-TYPE COMBUSTOR
ELEMENTS AND CONFIGURATIONS WHICH EMPLOY FUEL PREVAPORIZATION AND
PREMIXING WITH AIR IN A CONFINED FUEL-RICH REGION UPSTREAM OF THE
FLAMEHOLDERS. RESEARCH WILL BE CONDUCTED ON FILM COOLING OF
COMBUSTOR LINERS, MULTIPLE JET PENETRATION AND MIXING r NEW TYPES OF
FUEL INJECTORS, AND SHORT-LENGTH r BLEED-TYPE COMBUSTOR INLET
DIFFUSERS. CONCLUDING RESEARCH WILL BE DOWE ON FUEL SYSTEM
COMPONENTS AND HANDLING TECHNIQUES FOR LIQUID METHANE AND LIQUID
HYDROGEN FUELS.
RTOP NO. 764-74-05 TITLE: TURBINES
ORGANIZATION: LEWIS RESEARCH ~ENTER
MONITOR: ESGAR r J. B. TEL. 216-433-6625
TECHNICAL SUMMARY
THE TURBINE PROGRAM INCLUDES RESEARCH ON TURBINE AERODYNAMICS,
TURBINE COOLING, AND TURBINE LIFE. EACH OF THESE AREAS ARE
INTERRELATED, AND IT IS NOT PRACTICAL TO CONDUCT RESEARCH IN ONE AREA
WITHOUT CONSIDERING HOW THE OTHER AREAS WILL BE AFFECTED. ADVANCED
COOLING SCHEMES FOR VERY HIGH GAS TEMPERATURE OPERATION WILL REQUIRE
INCREASED USE :>1" FILM AND TRANSPIRATION COOLING. THE EFFECTS OF
THESE AND OTHER TYPES OF COOLING AIR DISCHARGE ARE BEING INVESTIGATED
FROM THE STANDPOINTS OF BOTH HEAT TRANSFER AND AERODYNAMICS r AND THE
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EFFECTS ON BLADE LIFE WILL BE INVESTIGATED IN THE FUTURE. THE
TURBINE AERODYNAMICS RESEARCH IS ALSO INVESTIGATING THE EFFECT OF AIR
DISCHARGE IN THE FORM OF A JET FLAP FOR PROVIDING PNEUMATIC VARIABLE
GEOMETRY TO THE TURBINE. INVESTIGATIONS ARE BEING MADE ON MULTISTAGE
TURBINES WITH ~ORK FACTORS FROM 3 TO 5 FOR APPLICATION TO HIGH BYPASS
RATIO LIFT OR CRUISE ENGINES. HEAT TRANSFER, FLUID FLOW,
AERODYNAMICS, AND LIFE INVESTIGATIONS ARE UNDERWAY FOR A VARIETY OF
CONVECTION, FILM, AND TRANSPIRATION CONFIGURATIONS FOR TURBINE SIZES
RANGING FROM THOSE FOR HELICOPTER ENGINES TO HIGH SPOOL TURBINES FOR
TURBOFAN ENGINES. FUNDAMENTAL HEAT TRANSFER INVESTIGATIONS ON FILM
AND TRANSPIRATION COOLING ARE ALSO CONTINUING. TURBINE COOLING
PROBLEMS BECOME MUCH MORE SEVERE AT THE VERY HIGH HEAT FLUXES THAT
ARE ENCOUNTERED WITH TURBINE INLET TEMPERATURES IN EXCESS OF 3000
DEGREES F AND HIGH GAS PRESSURES ENCOUNTERED WITH COMPRESSOR PRESSURE
RATIOS IN THE RANGE FROM 30 TO 40. DESIGN AND FABRICATION OF A
TURBINE RIG TO INVESTIGATE THE AERODYNAMIC, HEAT TRANSFER, AND LIFE
PROBLEMS ENCOUNTERED WITH THESE HIGH TEMPERATURE, HIGH PRESSURE
TURBINES IS BEING INITIATED.
RTOP NO. 764-74-06 TITLE: TURBINE ENGINE SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER ,---
MONITOR: POVOLNY, J. H. TEL. 216-433-6624
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP THE TECHNOLOGY RELATIVE TO TURBINE
ENGINE SYSTEMS REQUIRED FOR FUTURE SUBSONIC AND SUPERSONIC AIRCRAFT.
PARTICULAR EMPHASIS WILL BE PLACED ON SEEKING AN UNDERSTANDING AND
SOLUTION OF THE ~YNAMIC INTERACTION PROBLEMS ASSOCIATED WITH FLIGHT
SYSTEMS. THE LATEST LARGE SCALE TURBOJET AND TURBOFAN ENGINES
DESIGNED FOR B)TH SUBSONIC AND SUPERSONIC CRUISE AND SUPERSONIC DASH
APPLICATIONS WILL BE USED IN THE INVESTIGATIONS. EXPLORATORY AND
PERFORMANCE EVALUATIONS WILL BE MADE OF SYSTEMS APPLICABLE TO THE ATT
AND MILITARY AIRPLANES CURRENTLY BEING DESIGNED. THIS EFFORT IS
CONCERNED WITH THE EFFECTS OF INLET PRODUCED ENVIRONMENT ON THE
ENGINE AND THE INTERACTIONS OF THE VARIOUS ENGINE COMPONENTS AS WELL
AS INTERACTIONS BETWEEN THE ENGINE AND THE INLET. THIS EFFORT IS
CLOSELY REL ATED TO THE INLET, INLET CONTROL, AND INLET ENGINE
DYNAMICS RESEARCH DESCRIBED IN RTOP 764-74-01.
RTOP NO. 764-74-07 TITLE: DYNAMICS AND CONTROL OF PROPULSION SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: BOKSENBOM, A. S. TEL. 216-433-6196
TECHNICAL SUMMARY
THIS RTOP COLLECTS TOGETHER DYNAMICS AND CONTROL EFFORTS THAT IN
PREVIOUS YEARS HAVE BEEN REPORTED UNDER OTHER RTOPS. CONTROL
ANALYSIS AND ENGINE AND INLET CONTROLS HAVE BEEN DONE UNDER. OLD
NUMBERS 720-03-15 AND 720-03-10. SIMULATION WAS DONE UNDER
126-63-12. THE OBJECTIVE OF THIS PROGRAM IS TO DEVELOP AND APPLY
METHODS OF DYNAMIC ANALYSIS AND CONTROL THEORY AND CONCEPTS TO THE
PROBLEMS OF AIR BREATHING PROPULSION SYSTEMS. ~NALYSES AND
SIMULATIONS OF THE DYNAMIC CHARACTERISTICS OF THESE SYSTEMS WILL BE
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DEVELOPED. CONTROL THEORIES AND CONCEPTS WILL BE DEVELOPED AND
APPLIED TO ACHIEVE IMPROVED PERFORMANCE AND OPERATION OF THE SYSTEM*
SPECIAL CONTROL HARDWARE, SUCH AS SERVOS, INSTRUMENTS, AND ACTUATORS,
WILL BE DEVELOPED AS REQUIRED. EXPERIMENTS WITH COMPONENTS AND
COMPLETE SYSTEMS WILL BE PERFORMED TO VALIDATE THE METHODS AND
CONCEPTS DEVELJPED FOR PROPULSION SYSTEM CONTROL.
RTOP NO. 764-75-01 TITLE: HYPERSONIC COMPONENTS AND SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L* K., JR. TEL* 703-827-3285
TECHNICAL SUMMARY
RESEARCH INVESTIGATIONS TO DEVELOP AEROTHERMODYNAMIC CONCEPTS
FOR SCRAMJET ENGINES FOR VEHICLE APPLICATIONS ARE UNDERWAY. THE
RESEARCH PROGRAM INCLUDES AN ACTIVE INLET DESIGN AND TESTING PROGRAM
FOR FLIGHT MACH NUMBERS UP TO 10 WITH INLETS WHICH RELY ON COMPLEX
COMPRESSION SURFACES OR THREE-DIMENSIONAL CONTOURS TO ACHIEVE RAPID
COMPRESSION AND INTEGRATED WITH THE AIRCRAFT SURFACE. AN ANALYTICAL
AND EXPERIMENTAL RESEARCH PROGRAM ON SUPERSONIC COMBUSTION AND MIXING
IS ALSO INCLUDED WHICH INVOLVES THE USE OF A COMBUSTION HEATER FOR
SIMULATING THE CONDITIONS AT THE COMBUSTOR ENTRANCE CORRESPONDING TO
FLIGHT MACH NU~BERS FROM 3 TO 9. INVESTIGATIONS OF COMBUSTION,
MYDROGEN FUEL INJECTION, MIXING, AND HEAT TRANSFER IN BOTH
2-DIMENSIONAL AND AXISYMMETRIC FLOW FIELDS FOR BOTH WALL AND STREAM
INJECTION WILL BE CONDUCTED. SOME SPECIFIC TASKS IN THIS PROGRAM
WILL BE CONDUCrED BY CONTRACT. MODIFICATION TO THE LANGLEY 4-FT. ARC
TUNNEL WILL BE UNDERTAKEN TO PERMIT TESTS OF COMPLETE, SMALL-SCALE
SCRAMJET ENGINES BURNING HYDROGEN FUEL WITH DUPLICATION OF M = 7
FLIGHT CONDITIJNS. ALSO PROOF OF CONCEPT RESEARCH ON AN ADVANCED
TYPE OF GROUND FACILITY ,EMPLOYING A CERAMIC-LINED TANK FOR STORING
ARC-HEATED AIR WILL BE CONTINUED. THIS CONCEPT ALLEVIATES POWER
LIMITATIONS ON ARC HEATERS AND WILL PROVIDE LARGE MASS FLOW,
TRUE-TEMPERATURE, CLEAN AIR, TESTING CAPABILITY AT M = 9.
RTOP NO. 764-75-01 TITLE: HYPERSONIC ~NLET RESEARCH INCLUDING
COMBUSTOR EFFECTS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL~ 415-961-2280
TECHNICAL SUMMARY
ANALYTICAL PROCEDURES FOR THE PREDICTION OF THE AIR FLOW
CHARACTERISTICS IN HYPERSONIC INLETS (AND, CONSEQUENTLY 1 THEIR
AERODYNAMIC PERFORMANCE) ARE CURRENTLY INADEQUATE BECAUSE THEY DO NOT
TREAT ACCURATELY OR COMPREHENSIVELY SUCH FACTORS AS SHOCK
WAVE/BOUNDARY LAYER INTERACTIONS AND EFFECTS PRODUCED BY OPERATION OF
A COMBUSTOR. THIS RESEARCH WILL PROVIDE IMPROVED COMPUTATION
METHODS, AND CJRRELATING WIND TUNNEL DATA, FOR SEVERAL INLET INTERNAL
CONFIGURATIONS WITH AND WITHOUT A SIMULATED COMBUSTOR. A PORTION OF
THE EFFORT HAS BEEN COMPLETED UNDER CONTRACT, AND BY TESTS IN THE
AMES 3*5-FOOT HYPERSONIC WIND TUNNEL. THE REMAINDER OF THE PROGRAM
WILL USE A CONTINUATION OF THIS APPROACH.
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RTOP NO~ 764-75-01 TITLE: HYPERSONIC COMPONENTS AND SYSTEMS
ORGANIZATION: LEwIS RESEARCH CENTER /_
MONITOR: LEZBERG u E. A. TEL. 216-433-4000
TECHNICAL SUMMARY
EXPERIMENTAL AND ANALYTICAL WORK WILL BE CONDUCTED ON COMBUSTION
FUNDAMENTALS, COMPONENT DEVELOPMENT~ AND MEASUREMENT AND SIMULATION
TECHNIQUES FOR HYPERSONIC PROPULSION TESTING. RESEARCH ON COMBUSTORS
FOR SCRAMJETS WILL INCLUDE EXPERIMENTAL STUDIES OF GASEOUS FUEL
INJECTION AND SPREADING. SIMILARLY r COMBUSTION STUDIES ARE BEING
CONDUCTED IN HIGH TEMPERATURE VITIATED AND CLEAN AIR STREAMS TO
BETTER UNDERSTAND IGNITION AND MIXING BEHAVIOR IN THE PRESENCE OF
FLAME GENERATED GRADIENTS. LARGE SCALE DIRECT-CONNECT TESTS OF AN
l8-INCH DIAMETER COMBUSTOR WILL BE CONDUCTED AT THE HYPERSONIC TUNNEL
FACILITY (HTF) AT CONDITIONS SIMULATING MACH 1 AND 8 FLIGHT AND
COMBUSTOR P~RFJRMANCE EVALUATED FROM THRUST MEASUREMENTS.
REGENERATIVELY COOLED COMBUSTORS WILL BE EVALUATED LATER IN THE
PROGRAM. THE HTF WILL ALSO BE UTILIZED FOR TESTS OF TWO-DIMENSIONAL
FIXED GEOMETRY INLETS TO EVALUATE PERFORMANCE AND TO DETERMINE
AERODYNAMIC INTERACTIONS WITH INJECTED FUEL. A TECHNIQUE FOR
GENERATING THICK BOUNDARY LAYERS WITH A TAILORED HONEYCOMB FLOW
PASSAGE WILL BE EVALUATED. LATER INLET MODELS MAY INCORPORATE SUCH A
BOUNDARY LAYER GENERATOR FOR SIMULATION OF AN INLET IN A VEHICLE FLOW
FIELD. ANALYTICAL AND EXPERIMENTAL STUDIES OF THE EXHAUST NOZZLE
WILL BE INITIATED WITH THE OBJECTIVE OF DEVELOPING CONTOURS SUITABLE
FOR FIXED GEOMETRY OPERATION OVER A REPRESENTATIVE FLIGHT TRAJECTORY.
EXPERIMENTAL WORK WILL BE CONTINUED TO EXTEND THE TEMPERATURE-MACH
NUMBER CAPABILITY OF RTF WITH SIMULATED AIR.
RTOP NO. 133-17-01 TITLE: DEVELOPMENT OF STOL AVIONICS FOR TERMINAL
AREA FLIGHT INVESTIGATION IN AIR TRAFFIC
ENVIRONMENT
ORGANIZATION: AMES RE SEARCH CENTER,- _.
MONITOR: ROBERTS, L. TEL. 415-96'-228~
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE IS TO DEVELOP NAVIGATION, GUIDANCE, AND
CONTROL AVIONICS FOR USE IN STOL FLIGHT EXPERIMENTS AND FOR USE IN
STOL VALIDATION FLIGHTS FOR THE NEW COMMON-USE CIVIL/MILITARY
MICROWAVE SCANNING BEAM LANDING GUIDANCE SYSTEM (MW-SBLGS).
PERFORMANCE AND DESIGN REQUIREMENTS FOR A FLEXIBLE AVIONICS SYSTEM,
WHICH WILL OPERATE IN VARIOUS MANUAL AND AUTOMATIC MODES, WILL BE
DEFINED TO SATISFY THE OBJECTIVES OF STOL FLIGHT EXPERIMENTS AND OF
STOL MW-SBLGS VALIDATION FLIGHTS. IN PARTICULAR, REQUIREMENTS WILL
BE BASED ON THE USE OF THE DEVELOPMENTAL SCANNING BEAM SYSTEM,
MODILS, TO BE PROVIDED BY THE FAA FOR USE IN THE STOL FLIGHT
EXPERIMENTS. THE AVIONICS SYSTEM, REFERRED TO AS STOLAND, WILL BE
DESIGNED AND DEVELOPED AND THEN INSTALLED IN APPROPRIATE STOL
AIRCRAFT AND TESTED IN FLIGHT. WITH THE EXCEPTION OF MODILS, THE
FLIGHT TESTS WILL BE CONDUCTED USING STANDARD INSTRUMENTATION,
TRACKING, DATA PROCESSING, AND NAVIGATION AIDS. THE DETAILED DESIGN
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AND DEVELOPMENT OF STOLAND, WHICH WILL BE PERFORMED BY A CONTRACTOR,
WILL BE SUPPORTED BY RELAT AND AVIONICS SYSTEM AT THE AMES RESEARCH
CENTER. RESEARCH FLIGHTS USING STOLAND AND MODILS PLUS ADVANCED
SYSTEM STUDIES CONDUCTED UNDER 133-17-02 WILL BE USED TO DEFINE A
CONCEPT FOR AN INTEGRATED ADVANCED TECHNOLOGY AVIONIC SYSTEM WHICH
WILL BE DEVELOPED UNDER 133-17-01 FOR USE IN THE MW-SBLGS VALIDATION
FLIGHTS.
RTOP NO. 133-17-02 TITLE: STOL OPERATING SYSTEMS EXPERIMENTS AND
VALIDATION OF THE STOL COMMON-USE
CIVIL/MILITARY MICROWAVE SCANNING BEAM
LA NDING GUIDANCE SYSTE M (MW- SBLG S)
ORGANIZATION: AMES RESEARCH CENTER - :-~~ -_ --_~,_. .
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE IS TO OBTAIN EXPERIMENTAL NAVIGATION,
GUIDANCE, CONTROL, AND FLIGHT MANAGEMENT DATA FOR STOL AIRCRAFT USING
ADVANCED AVIONICS AND THE NEW MW-SBLGS. THE DATA IS TO BE USED BY
GOVERNMENT AND INDUSTRY TO ESTABLISH SYSTEM CONCEPTS, DESIGN
CRITERIA, AND JPERATIONAL PROCEDURES FOR STOL AIRCRAFT. THIS PROGRAM
IS PART OF THE JOINT DOT/NASA OPERATING SYSTEMS'EXPERIMENT PROGRAM.
THE BASIC APPRaACH IS TO CONDUCT A GROUP OF CLOSELY RELATED
INVESTIGATIONS FOR STOL, ENCOMPASSING ANALYSES, SIMULATION, FLIGHT
EXPERIMENTS, AND SUPPORTING STUDIES. THESE INVESTIGATIONS WILL
EMPHASIZE THE TERMINAL AREA NAVIGATION, GUIDANCE, CONTROL, AND FLIGHT
MANAGEMENT PROBLEMS WHICH MUST BE SOLVED TO TAKE MAXIMUM ADVANTAGE OF
STOL CAPABILITIES FOR MAKING STEEP ASCENTS AND DESCENTS, TIGHT TURNS,
AND SLOW SPEED APPROACHES AND LANDINGS. THE FLIGHT EXPERIMENTS WILL
BE CONDUCTED USING A FLEXIBLE AVIONICS SYSTEM, REFERRED TO AS
STOLAND, IN CONJUNCTION WITH APPROPRIATE STOL AIRCRAFT. THE COMPLETE
STOL FLIGHT RESEARCH SYSTEM COMPRISES STOL AIRCRAFT, AVIONICS,
INSTRUMENTATION, TRACKING, AND THE FOLLOWING NAVIGATION AIDS:
VOR/DME, TACAN, AND A SCANNING BEAM LANDING GUIDANCE SYSTEM TO BE
PROVIDED BY THE FAA. MOST OF THE FLIGHT TESTING WILL BE CONDUCTED
•WITH A DEVELOPMENTAL SCANNING BEAM LANDING GUIDANCE SYSTEM, REFERRED
TO AS MODILS. FINAL VALIDATION OF STOL USE WITH SCANNING BEAM
LANDING GUIDANCE WILL BE PERFORMED USING THE MW-SBLGS. THE MW-SBLGS
VALIDATION WITH STOL WILL BE CONDUCTED USING AN INTEGRATED ADVANCED
TECHNOLOGY AVIJNIC SYSTEM, WHICH WILL BE DEVELOPED UNDER 133-17-01
USING A SYSTEM CONCEPT DEFI~ED UNDER 13-17-02.
RTOP NO. 133-17-03 TITLE: DEFINITION OF ADVANCED STOL AVIONICS
CONFIGURATIONS AND EXPERIMENTS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
TO DEFINE FUNCTIONS TO BE PERFORMED BY INTEGRATED STOL AVIONICS
SYSTEMS, TO IDENTIFY SYSTEM REQUIREMENTS AND POTENTIAL PROBLEM AREAS,
TO ESTABLISH A PRELIMINARY DESIGN FOR AN INTEGRATED ALL-DIGITAL
AVIONICS SYSTEM REPRESENTATIVE OF FUTURE OPERATIONAL STOL AVIONICS
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TEL. 703-827-3745
SYSTEMS, AND TO REC0MMEND SETS OF SIMULATION AND FLIGHT-TEST
EXPERIMENTS TO ASSESS: 1) THE CAPABILITIES OF ADVANCED AVIONICS
SYSTEMS, AND 2) THE IMPACT OF ENROUTE AND TERMINAL AREA ATC
PROCEDURES ON STOL AIRCRAFT DESIGN AND OPERATIONS~ THE OBJECTIVE
WILL BE ACCOMPLISHED THROUGH TWO SEPARATE BUT RELATED EFFORTS. THE
FIRST OF THESE EFFORTS WILL BE AN ANLYTICAL STUDY BASED ON THE AIR
TRAFFIC ENVIRO~MENT AND OPERATIONAL PROCEDURES FOR STOL AIRCRAFT
DEFINED BY THE WORK PERFORMED UNDER RTOP 139-06-03, AND WILL LEAD TO
THE IDENTIFICATION OF RESEARCH NEEDED FOR TWO STOL AIRCRAFT AVIONICS
SYSTEMS: ONE SYSTEM WILL BE FOR THE 1975-1980 TIME PERIOD, AND THE
SECOND SYSTEM WILL BE AN ALL-DIGITAL ADVANCED SYSTEM FOR THE
1980-1990 TIME PERIOD. THE SECOND OF THESE EFFORTS WILL INCORPORATE
THE TECHNIQUES OF SYSTEMS ANALYSIS, FAST TIME ATe SIMULATION, AND
REAL TIME ATC SIMULATION TO EVALUATE THE PROPOSED AVIONICS AND ATC
SYSTEMS AND TO ESTABLISH THEIR IMPACT ON THE DESIGN AND OPERATION OF
STOL VEHICLES.
RTOP NO. 133-17-05 TITLE: VLF
ORGANIZATION: LANGLEY RESEARCH
MONITOR: GRAVES, G. B.
TECHNICAL SUMMARY
THIS WORK TS TO INVESTIGATE VLF NAVIGATION TECHNIQUES AND TO
DEVELOP PROMISING APPROACHES FOR EN-ROUTE AND TERMINAL AREA
NAVIGATION. THE OBJECTIVE IS TO DEVELOP HYPERBOLIC POSITION
DETERMINATION TECHNIQUES USING VLF GROUND WAVE PROPAGATION SUCH THAT
LARGE GEOGRAPHIC COVERAGE CAN BE OBTAINED WITH A LIMITED NUMBER OF
GROUND STATIONS. $YSTEMS SUCH AS THIS WOULD ALLOW DIRECT TERMINAL TO
TERMINAL FLIGHTS OPERABLE OVER THE ENTIRE COUNTRY. IT WILL ENHANCE
AIR SAFETY BY REDUCING PILOT WORKLOADS AND RELIEVING AIRLANE
CONGESTION RESULTING FROM THE CURRENT PRACTICE OF NAVIGATING WITHIN A
NETWORK OF APPROXIMATELY 1000 VOR STATIONS. INITIAL WORK WILL BE
CONDUCTED IN TWO AREAS. THE FIRST AREA WILL CONSIST OF A STUDY OF
THE PROBLEMS ASSOCIATED WITH VLF TECHNIQUES SUCH AS ERRORS RESULTING
FROM ATMOSPHERIC NOISE, PROPAGATION ANOMALIES, AND SYSTEMS RESPONSE
TIME. THE SECJND AREA CONSISTS OF THE DEVELOPMENT OF AREA NAVIGATION
TECHNIQUES UTILIZING THE NAVY'S OMEGA SYSTEM TRANSMISSIONS. THIS
APPROACH HAS THE POTENTIAL FOR PROVIDING POSITION INFORMATION AND
COURSE COMPUTATION IN THE OMEGA GRID AT A RELATIVELY LOW COST
REQUIRED BY GENERAL AVIATION.
RTOP NO. 133-17-06 TITLE: VEHICLE DEPENDENT ASPECTS OF TERMINAL
AREA GUIDANCE AND CONTROL
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: GRAVES, Gc B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DETERMINE THE AIRCRAFT PERFORMANCE AND
CONTROL SYSTEM CHARAC~ERISTICS NEEDED FOR EFFICIENT OPERATION IN A
TERMINAL AREA WITH ADVANCED AIR-TRAFFIC MANAGEMENT CONCEPTS AND
IMPROVED AVIONICS. EMPHASIS IS PLACED ON THE VEHICLE DEPENDENT
ASPECTS SUCH AS MANEUVER CAPABILITY, SPEED CONTROL, TURBULENCE
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RESPONSE, RIDE QUALITY, AND THE RELATION OF CONTROL CHARACTERISTICS
TO AVIONIC SYSTEMSc BOTH CTOI AND STOL AIRCRAFT WILL BE CONSIDERED~
CONCURRENT LANGLEY EFFORTS ON TERMINAL AREA OPERATING PRACTICES,
HANDLING QUALITIES, AND AVIONICS FOR TERMINAL AREA USE ARE IMPORTANT
CONSIDERATIONS IN THIS WORK~ MODELING AND SIMULATION TECHNIQUES WILL
BE DEVELOPED TJ EXAMINE VARIOUS CLASSES OF AIRCRAFT WITH SELECTED
TERMINAL AREA TRAFFIC AND AIRSPACE CONSTRAINTS, CONTROL CONCEPTS,
AVIONIC SYSTEMS, AND THE GROUND BASED ELEMENTS OF AIR-TRAFFIC CONTROL
SYSTEMS. INITIAL STUDIES WILL USE KINEMATIC REPRESENTATIONS. THESE
WILL BE FOLLOWED BY FULL AERODYNAMIC AND CONTROL SYSTEM SIMULATIONS.
ANALYSIS AND SIMULATION DEVELOPMENT IS CLOSELY RELATED TO THE AVIONIC
SYSTEMS EFFORT UNDER RTOP 135-06-01.
RTOP NO. 133-17-07 TITLE: INTEGRATION OF FLIGHT CONTROL, GUIDANCE,
AND NAVIGATION FUNCTIONS THROUGH THE USE
OF COMMON COMPONENTS
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE IS TO UTILIZE THE POTENTIAL OF DIGITAL COMPUTERS,
INERTIAL SENSORS, AND DISPLAYS TO EFFICIENTLY UNIFY THE NAVIGATION,
~UIDANCE, AND FLIGHT CONTROL FUNCTIONS OF V/STOL AIRCRAFT. TECHNIQUES
FOR PROVIDING EACH FUNCTION WILL BE INVESTIGATED WITH EMPHASIS ON THE
REQUIREMENTS FJR A COMMON SYSTEM. EXISTING AND DEVELOPMENTAL
INERTIAL SENSORS WILL BE REVIEWED TO SELECT THOSE WHICH MEET SYSTEM
NEEDS WITH THE MOST ADVANTAGEOUS COMBINATION OF PERFORMANCE AND COST,
AND METHODS WILL BE STUDIED FOR UPDATING INERTIAL SYSTEMS TO OBTAIN
THE PRECISION NEEDED IN TERMINAL AREA OPERATIONS.
COMPUTER-CONTROLLED CRT DISPLAYS WILL BE CONSIDERED AS A MEANS OF
IMPROVING THE PRESENTATION OF DATA TO THE PILOT. AN INTEGRATED SYSTEM
WILL THEN BE DEVELOPED AND EVALUATED IN GROUND-BASED SIMULATION
TESTS. THIS WILL BE FOLLOWED BY A FLIGHT EVALUATION PROGRAM.
RTOP NO. 133-17~10 TITLE: GUIDANCE, NAVIGATION AND CONTROL
EXPERIMENTS AND SYSTEMS CONCEPTS FOR VTOL
AIRCRAFT
ORGANIZATION: AMES R2sEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
OBTAIN VTOL GUIDANCE, NAVIGATION AND CONTROL (GN&C) DATA THAT
WILL BE OF VALUE TO INDUSTRY AND GOVERNMENT AGENCIES IN ESTABLISHING
THE RELATIONSHIPS BETWEEN CONCEPTS, SYSTEM COMPLEXITY, PERFORMANCE,
PILOT REQUIREMENTS AND OPERATIONAL REQUIREMENTS. VTOL GUIDANCE,
NAVIGATION AND CONTROL REQUIREMENTS AND CONCEPTS WILL BE INVESTIGATED
THROUGH ANALYTICAL STUDIES, SIMULATION EXPERIMENTS AND FLIGHT
EXPERIMENTS. THE FLIGHT CONTROL SYSTEMS FOR THE VSTOL RESEAR~H
TRANSPORT AIRCRAFT (VRTA) WILL BE DESIGNED WITH AN INTERFACE
COMPATIBLE WITH STOLAND (DEVELOPED UNDER RTOP 133-17-01). A STOLAND
SYSTEM WILL BE MODIFIED AND INSTALLED IN THE VRTA. IFR TERMINAL AREA
APPROACH AND LANDING EXPERIMENTS WILL BE CONDUCTED TO OBTAIN DATA ON
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GN&C0CONCEPTS AND PERFORMANCE AS A FUNCTION OF SYSTEM COMPLEXITY
(MANUAL SYSTEMS THROUGH AUTOMATIC SYSTEMS), PILOT REQUIREMENTS AND
OPERATIONAL REQUIREMENTS.
RTOP NO. 133-61-01 TITLE: NOISE ABATEMENT APPROACHES
ORGANIZATION: AMES RESEARCH CENTER _ .
MONITOR: ROBERTS, L. TEL. 415-861-2280
TECHNICAL SUMMARY
A SUCCESSFUL DEMONSTRATION OF THE USE OF EXISTING 3D-RNAV FLIGHT
TECHNIQUES BY AN AIRLINES COULD LEAD TO THE ACCEPTANCE AND APPROVAL
BY THE AIRLINES AND FAA, OF TWO-SEGMENT APPROACHES FOR NOISE
ABATEMENT AT AN EARLY DATE. A CONTRACT IS BEING NEGOTIATED WITH
AMERICAN AIRLINES TO INVESTIGATE THE USE OF A 3-D AREA NAVIGATION
SYSTEM FOR ESTABLISHING TWO~SEGMENT NOISE ABATEMENT VERTICAL
REFERENCE PATHS. THE AIRCRAFT WILL BE EQUIPPED WITH CONVENTIONAL
AIRLINES AVIONIC SYSTEMS MODIFIED TO ALLOW THE PILOT TO FOLLOW THE
TWO-SEGMENT REFERENCE PATH.A FLIGHT EVALUATION WITH THIS EQUIPMENT
REPRESENTS A LOGICAL EXTENSION OF EARLIER NASA AND FAA STUDIES.
SIMULATION WILL BE USED TO EXTRAPOLATE THE RESULTS OF THE FLIGHT TEST
TO OTHER AIRCRAFT AND TO EXAMINE ANY DIFFICULTIES ENCOUNTERED IN
FLIGHT. THE RESULTS OF THE FLIGHT TEST AND SIMULATION WILL BE USED
TO DEFINE AN OPERATIONAL SYSTEM CONCEPT THAT WILL BE EVALUATED IN A
FOLLOW ON FLIGHT TEST PROGRAM. THE FOLLOW ON FLIGHT TEST PROGRAM
WILL BE CONTRA:TED TO ~N AIRLINES IN FY 12. OTHER NOISE ABATEMENT
APPROACHES SUCH AS THE DECELERATING APPROACH WILL BE STUDIED IN
HOUSE. THESE STUDIES WILL INCLUDE BOTH SIMULATION, AND FLIGHT TEST.
THE RESULTS OF THIS IN HOUSE PROGRAM WILL BE USED TO DEFINE AN
OPERATIONAL SYSTEM CONCEPT THAT IS PRESENTLY PLANNED TO BE EVALUATED
BY AN AIRLINES IN FY 73~ IN CONJUNCTION WITH THE SIMULATION AND
FLIGHT PROGRAMS, THEORETICAL STUDIES WILL BE CONDUCTED TO DEFINE
OPTIMAL NOISE ABATEMENT APPROACHES AND TO DEVELOP NOISE MODELS THAT
CAN BE USED TO ESTIMATE AND EXTRAPOLATE THE PERCEIVED NOISE TO
DIFFERENT CONDITIONS AND DIFFERENT ATRCRAFT.
RTOP NO. 133-61-10 TITLE: ATMOSPHERIC PARAMETERS
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: EHERNBERGER, L. J. TEL~ 805-258-3311
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK IS THE DEFINITION OF THE ATMOSPHERIC
CONDITIONS IN WHICH TURBULENCE, TEMPERATURE TRANSIENTS, POTENTIAL
PRESSURE ALTIMETRY PROBLEMS, AND EXCESSIVE WIND SHEARS OCCUR~ THE
MAJOR EMPHASIS IS THE ATMOSPHERIC ENVIRONMENT OF SUPERSONIC AIRCRAFT~
DEVELOPMENT AND ACQUISITION OF SENSORS NEEDED TO MEASURE THESE
PHENOMENA ARE ALSO INCLUDED. RESULTS OF THIS WORK WILL BE APPLICABLE
TO AIRCRAFT SYSTEMS DESIGN AS WELL AS FLIGHT OPERATIONS ROUTING AND
SCHEDULING. OBSERVATIONS OF THESE PHENOMENA ARE OBTAINED FROM
INSTRUMENTED AIRCRAFT TEST FLIGHTS. THE ASSOCIATED METEOROLOGICAL
CONDITIONS ARE ANALYZED AND STUDIED BOTH IN-HOUSE AND ON-CONTRACT.
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RTOP NO. 133-61-10 TITLE: ATMOSPHERIC PARAMETERS
ORGANIZATION: LANGLEY RESEARCH CENTER~_
MONITOR: LOFTIN, L. K. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVE IS TO INVESTIGATE AND DEFINE ATMOSPHERIC
PARAMETERS FOR USE IN THE DESIGN ANDDEVELOPMENT OF OPERATIONAL
TECHNIQUES OF CTOL AND V/STOL FLIGHT VEHICLES. CERTAIN PARAMETERS
SUCH AS ATMOSPHERIC TURBULENCE OR THE HAIL ASSOCIATED WITH
THUNDERSTORMS REPRESENT DISTINCT FLIGHT HAZARDS AND ARE IMPORTANT
CONSIDERATIONS TO THE STRUCTURAL DESIGN AND THE STABILITY AND CONTROL
CHARACTERISTICS OF THE AIRPLANE. OTHER PARAMETERS SUCH AS AEROSOLS
OR MOLECULAR AND PARTICULATE MATTER IN THE ATMOSPHERE ARE FUNDAMENTAL
TO AN UNDERSTANDING OF ATMOSPHERIC PROCESSES, AS FOR EXAMPLE, THE
FORMATION OF CLEAR AIR TURBULENCE. AEROSOLS AND OTHER CONTAMINANTS
ALSO RELATE TO THE OPERATIONAL PROBLEMS OF AIRPORT SLANT RANGE
VISIBILITY AND SONIC BOOM RESEARCH. THE LARGE CONCENTRATIONS OF JET
ENGINE EXHAUST PRODUCTS IN LOCAL AIRPORT AREAS ARE BECOMING OF
INCREASING CON:ERN TO THE ATMOSPHERIC POLLUTION PROBLEM AND TO THE
SLANT RANGE VISIBILITY PROBLEM FOR LANDING AND TAKEOFF OPERATIONS.
THESE AND OTHER ATMOSPHERIC PARAMETERS WILL BE STUDIED THROUGH FLIGHT
MEASUREMENT AND GROUND BASED EXPERIMENTAL PROGRAMS AND THE RESULTS
CORRELATED WITH THEORETICAL CALCULATIONS.
RTOP NO. 133-61-10 TITLE: ATMOSPHERIC PARAMETERS
ORGANIZATION: MARSHALL SPACE FLIGHT
MONITOR: FICHTL, G. H. TEL. 205-453~3168
TECHNICAL SUMMARY
THERE ARE TWO PRACTICAL WAYS TO PROBE CLEAR AIR TURBULENCE
(CAT): (1) INSTRUMENTATION ABOARD AIRCRAFT AND (2) THE FPS-16
RADAR/JIMSPHERE BALLOON WIND SENSOR SYSTEM. THE FORMER YIELDS
EXTENSIVE INFORMATION ABOUT THE HORIZONTAL STRUCTURE OF CAT, WHILE
THE LATTER PROVIDES MEANINGFUL INFORMATION ABOUT THE VERTICAL
STRUCTURE OF CAT AND THE PHENOMENA THAT GENERATE CAT. EXTENSIVE
EFFORTS HAVE BEEN MADE BY VARIOUS INVESTIGATORS TO ANALYZE THE
AIRCRAFT OBSERVATIONS, WHILE VERY LITTLE EFFORT HAS BEEN DEVOTED TO
THE ANALYSIS OF JIMSPHERE DATA IN A CAT CONTEXT. ACCORDINGLY, THE
OBJECTIVE OF THIS REQUEST IS TO EXPLOIT THE FPS-16 ~ADAR/JIMSPHERE
BALLOON SYSTEM AND MSFC'S GROUND WIND MEASUREMENT SYSTEMS TO ACHIEVE
A BETTER UNDERSTANDING OF ATMOSPHERIC TURBULENCE FOR THE DEFINITION
OF ATMOSPHERIC PARAMETERS FOR USE IN AIRCRAFT DESIGN AND OPERATION.
THIS WILL BE ACCOMPLISHED BY ESTABLISHING THE RELATIONSHIP BETWEEN
HIGH RESOLUTION WIND AND TEMPERATURE PROFILES AND AIRCRAFT
OBSERVATIONS OF CAT AND IN ~RN ESTABLISHING THE RELATIONSHIP BETWEEN
THESE PROFILES AND SYNOPTIC- AND MESO-SCALE CONDITIONS THAT PRODUCE
THE DETAILS ON THESE WIND AND TEMPERATURE PROFILES. THE RESULTS OF
THIS RESEARCH, COUPLED WITH THE CAT LASER DOPPLER DETECTION SYSTEM,
SHOULD BETTER ESTABLISH THE RELATIONSHIP BETWEEN CAUSE AND EFFECT
WITH REGARD TO IMPROVING CURRENT CRITICAL AIR TURBULENCE PREDICTING
AND DETECTION :APABILITIES BESIDES AIDING IN THE DEVELOPMENT OF
AIRCRAFT/SHUTTLE DESIGN CRITERIA AND REMOTE CAT SENSING SYSTEMS.THESE
ARE ALL PRIOR YEAR TASKS AND WERE COVERED UNDER CODE 126-61-10 WITH
THE SAME TITLE AS THIS RTOP. EACH TASK IS BEING CHANGED TO REFLECT
98
CHANGES, OBJECTIVES, AND APPROACH.
RTOP NO. 133-61-11 TITLE: AIRCRAFT OPERATING EXPERIENCES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
STATISTICAL DATA ON THE OPERATIONAL EXPERIENCES OF COMMERCIAL
PASSENGER AND CARGO TRANSPORTS, GENERAL AVIATION AIRPLANES, RESEARCH
TYPE AIRPLANES, AND HELICOPTERS ARE BEING COLLECTED AND ANALYZED.
THE DATA ARE COLLECTED DURING ROUTINE OPERATIONS OF THE AIRPLANES BY
USE OF NASA INSTRUMENTATION. THE DATA FROM THE COMMERCIAL AND GENERAL
AVIATION AIRPLANES ARE OBTAINED THROUGH COOPERATIVE PROGRAMS WITH THE
MANUFACTURERS, AIRLINES, AND PRIVATE OWNERS. THE DATA PROVIDE
INFORMATION ON THE GROUND AND FLIGHT LOADS, AIRSPEED AND ALTITUDE
OPERATING PRACTICES, THE TURBULENCE ENVIRONMENT, AND ON UNUSUAL
EVENTS SUCH AS LOSS OF CONTROL IN TURBULENCE, COLLISION AVOIDANCE
MANEUVERS, AND AUTOPILOT INDUCED MANEUVERS. THE INFORMATION OBTAINED
PROVIDES A CONTINUED BASIS FOR COMPARING ACTUAL AIRPLANE OPERATIONS
WITH THE CONCEPTS USED IN DESIGN, FOR DETECTING UNANTICIPATED
OPERATIONAL ASPECTS, AND PROVIDES A RESERVOIR OF DATA USEFUL IN THE
DESIGN AND DEVELOPMENT OF AIRWORTHINESS REQUIREMENTS FOR NEW TYPES OF
AIRPLANES.
RTOP NO. 133-61-12 TITLE: TIRE TRACTION, BRAKING
ORGANIZ AT ION: LANGLEY RES EAR CH CENTER --_
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
AIRCRAFT OPERATIONS ON PREPARED RUNWAYS UNDER ADVERSE WEATHER
CONDITIONS AND ON CERTAIN UNPREPARED SOILS CAN RESULT IN UNSAFE
BRAKING AND STEERING PERFORMANCE. FURTHER, AIRFIELD ROUGHNESS,
INCLUDING OBSTRUCTIONS, CAN CONTRIBUTE TO HIGH TAKEOFF, LANDING AND
TAXI LOADS ON THE AIRCRAFT. THE OBJECTIVES OF PROGRAMS COVERED BY
THIS RTOP ARE:(1) TO IMPROVE THE PERFORMANCE AND LIFETIME OF CURRENT
PNEUMATIC TIRES AND BRAKING SYSTEMS, (2) TO DEVELOP NEW LANDING GEAR
SYS'rEM CONCEPTS, (3) TO DEFINE ACCEPTABLE LEVELS OF RUNWAY AND
TAXIWAY ROUGHNESS AND (4) TO RELATE THE CHARACTER OF THE RUNWAY
SURFACE TO AIRCRAFT PERFORMANCE. RESEARCH TO MEET THESE OBJECTIVES
WILL EMPLOY FULL-SCALE AIRCRAFT AND LANDING GEAR SUBSYSTEMS IN
ADDITION TO SCALED MODELS OF PNEUMATIC TIRES AND LANDING GEAR
SYSTEMS. THE TEST FACILITIES WILL CONSIST OF THE LANDING LOADS
TRACK, AIRPORT RUNWAYS, INCLUDING THE LANDING RESEARCH RUNWAY AT
WALLOPS STATION, GROUND TEST VEHICLES, AND VARIOUS LABORATORY
EQUIPMENTS.
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RTOP NO. 133-61-12 TITLE: AIRCRAFT BRAKES .. TIRES.
ORGP.4NI,ZATION: 1'. ME S RE SEARCH CENTER - --.----
MONITOR: GOODWIN, G. TEL. q15-961-2265
TECHNICAL SUMMARY
THIS RTOP INCLUDES (A) THE DEVELOPMENT AND EVALUATION OF
POLYMERIC KATERIALS FOR IMPROVED BRAKE LININGS AND (B) THE SYNTHESIS
AND CHARACTERIZATION OF ELASTCMERS FOR IMPROVED AIRCRAFT TIRES. (A)
TO DEVELOP AND EVALUATE POLYMERIC COMPOSITE MATERIALS SUCH AS
P-POLY~PHENYLENES, WHICH COULD SERVE AS SUPERIOR TO THE STATE OF THE
ART AIRCRAFT BRAKE LININGS FOR PRESENT AND FUTURE HIGH SPEED AIRCRAFT
WITH IMPROVED FRICTIONAL AND WEAR PROPERTIES OF ELEVATED
TEMPERATURES. (B) TO SYNTHESIZE, DEVELOP AND EVALUATE IMPROVED
ELASTOMERIC MArERIALS FOR USE IN TIRES ON PRESENT AND FUTURE HIGH
SPEED AIRCRAFT HAVING PROPERTIES AT ELEVATED TEMPERATURES WHICH ARE
SUPERIOR TO THE STATE OF THE ART MATERIALS. (A) P-POLYPHENYLENE AND
OTHER HIGH TEMPERATURE COMPOSITES WILL BE TESTED AND COMPARED WITH
EXISTING STATE OF THE ART MATERIALS. PROTOTYPE BRAKE LININGS WILL BE
FABRICATED.AND EVALUATED. (B) IMPROVED ELASTOMERS AND COPOLYMERS
WILL BE COMPOUNDED AND THEIR THERMO-PHYSICAL PROPERTIES EVALUATED AND
COMPARED WITH STATE OF THE ART MATERIALS. IMPROVED PROCESSING METHODS
WILL BE DEVELOPED WHICH WILL AID IN THE DEVELOPMENT OF HIGH
PERFORMANCE AIRCRAFT TIRES.
RTOP NO. 133-61-12 TITLE: TIRE TRACTION, BRAKING
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: MILLER, C. D. TEL. 216-433-6947
TECHNICAL SUMMARY
THE OBJECTIVE IS TO FIND MUCH NEEDED WAYS OF IMPROVING BRAKING
OF AIRCRAFT ON RUNWAYS, PARTICULARLY FOR ABORTED TAKE-OFFS. ALSO,
TRACTION NEEDS TO BE IMPROVED TO AVOID SLIDING OFF THE RUNWAYS. THIS
WILL ALLEVIATE THE NEED FOR GREATLY INCREASED RUNWAY LENGTHS.
THROUGH GRANTS AT THE UNIVERSITY OF MICHIGAN AND RPI, AND THROUGH
IN-HOUSE ANALyrICAL EFFORT, A CONCURRENT TWO-PRONGED APPROACH IS
DIRECTED TOWARD (1) A BASICALLY NEW METHOD OF BRAKING DESIGNED TO
DISSIPATE AIRCRAFT KINETIC ENERGY INTO A THERMALLY CONDUCTIVE RUNWAY
SURFACE AND (2) IMPROVEMENT OF MATERIALS AND SYSTEMS FOR CO~VENTIONAL
BRAKES~
RTOP NO. 133-61-13 TITLE: REDUCTION OF WAKE VORTEX HAZARD
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE LIFT INDUCED q TRAILING VORTEX SYSTEM REPRESENTS A SERIOUS
HAZARD TO FOLL~WI~G AIRCRAFT. THIS HAZARD HAS BECOME MORE SEnIOUS AS
JET TRANSPORTS HAVE BECOME HEAVIER. AVOIDANCE OF THE VORTEX WAKE OF
THE PRECEDING AIRCRAFT REQUIRES SUFFICIENT AIRCRAFT SEPARATION
DISTANCE, AND THEREFORE, IS A FACTOR WHICH INFLUENCES RUNWAY
CAPACITY. THE SENSITIVITY OF STOL AIRCRAFT TO VORTEX WAKES, AND THE
CHARACTERISTICS OF THEIR WAKES MAY BE CRITICAL FACTORS INFLUENCING
THE SUCCESS OF FUTURE TRANSPORTATION SYSTEMS EMPLOYING THESE
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AIRCRAFT. THEREFORE, THE CHARACTERISTICS OF THE VORTEX WAKE FROM
POWERED-LIFT STOL AIRCRAFT WILL BE INVESTIGATED IN FLIGHT AT THE
EARLIEST OPPORTUNITY. PRACTICAL MEANS WILL BE SOUGHT TO ACCELERATE
THE DISSIPATION OF VORTEX WAKES.A FLIGHT PROGRAM WILL BE CONDUCTED TO
CORROBORATE WIND TUNNEL RESULTS (RTOP 760-73-D2), TO EVALUATE
EXIS~ING THEORIES ON VORTEX DECAY, AND TO TEST DEVICES THAT SHOW
PROMISE OF ACCELERATING VORTEX DISSIPATION RATES~
RTOP NO. 133-61~13 TITLE: HAZARD AVOIDANCE AND ELIMINATION
ORGANIZATION: LANGLEY RESEARCH CENTER!
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE O~JECTIVE IS TO PROVIDE BASIC TECHNOLOGY DATA FOR THE
IMPROVEMENT OF THE LEVEL OF SAFETY IN AIRCRAFT OPERATIONS. TECHNICAL
ASSISTANCE IS BEING PROVIDED TO VARIOUS AGENCIES HAVING SAFETY OF
FLIGHT PROBLEMS. METHODS OF DETECTING CLEAR AIR TURBULENCE ARE BEING
INVESTIGATED. THE CHARACTERISTICS OF WING .TRAILING VORTICES SHED AT
HIGH ALTITUDES AND IN CLOSE pnOXIMITY OF THE GROUND ARE BEING
STUDIED. THE FEASIBILITY OF USING A RAMAN OPTICAL RADAR TO OBTAIN A
REMOTE MEASUREMENT OF VISUAL RANGES ALONG THE GLIDE SLOPE WHICH WILL
BE USABLE TO A PILOT WILL BE STUDIED.
RTOP NO. 133-61-13 TITLE: HAZARD AVOIDANCE AND ELIMINATION
ORGANIZATION: FLIGHT RESEARCH CENTER'
MONITOR: ROBINSON, G. H. TEL~ 805-258-3311
TECHNICAL SUMMARY
OPERATING PROBLEMS RELATED TO THE CURRENT AND FUTURE JET
TRANSPORT AIRPLANES ARE BEING INVESTIGATED. HANDLING CHARACTERISTICS
AND OPERATIONAL PROCEDURESiRELATED TO POTENTIAL HAZARDS SUCH AS
ATMOSPHERIC TURBULENCE, WING VORTEX WAKE, INSTRUMENT WEATHER, ETC.,
WILL BE EVALUATED. IN ADDITION, ABUSIVE OPERATIONAL PRACTICES AND
CRITERIA PERTINENT TO FUTURE CERTIFICATION STANDARDS ARE INCLUDED FOR
CONSIDERATION.CURRENT STUDIES ARE DIRECTED TO AN EVALUATION OF THE
INFLUENCE OF THE WING VORTEX WAKE FROM LARGE TRANSPORTS ON AIRCRAFT
SPACING IN THE AIR TRAFFIC SYSTEM. PRELIMINARY OPERATIONAL TESTS ARE
BEING CONDUCTED WITH A VARIETY OF GENERATING AND PROBE AIRCRAFT TO
ASSESS LOGICAL AIRWAYS SPACING CRITERIA. ADDITIONAL TESTING WILL BE
PERFORMED FOLLOWING THE OPERATIONAL PHASE TO INVESTIGATE VARIOUS
ASPECTS OF THE THEORETICAL DESCRIPTION OF THE WING WAKE BEHAVIOR.
RTOP NO. 133-61-13 TITLE: HAZARD AVOIDANCE AND ELIMINATION
ORGANIZATION: LEWIS RESEARCH CENTER'
MONITOR: :HIARITO, P. T. TEL. 216-433-6941
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE BASIC DATA FOR THE IMPROVEMENT OF
THE OPERATIONAL SAFETY OF CIVIL AND MILITARY AIRCRAFT. THROUGH NASA
SUPPORTED RESEARCH, WHICH COMPLEMENTS RESEARCHES CONDUCTED BY OTHER
SEGMENTS OF THE AVIATION COMMUNITY, PROVIDE DEVICES AND TECHNIQUES
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WHICH OVERCOME OPERATIONAL PRCBLEMS. THESE PROBLEMS ARE PRESENTED BY
THE DE$IRE TO IMPROVE THE SAFETY OF AIRPLANE OPERATIONS WHILE
EXTENDING THE MISSION OF THE AIRPLANE AND IMPROVING THE ECOMOMICS OF
ITS OPERATION. COMMERCIAL AND GENERAL AVIATION AIRCRAFT, INCLUDING
V/STOL, SUBSONIC AND SUPERSONIC, WILL BE CONSIDERED. SPECIFIC AREAS
OF CURRENT INTEREST INCLUDE: LIGHTNING HAZARDS TO AIRCRAFT AVIONICS,
ROTOR BURST PRJTECTION, DETECTION OF INCIPIENT STRUCTURAL FAILURE,
OZONE HAZARD IN HIGH ALTITUDE AIRCRAFT, WIND SHEAR EFFECTS, AND ICING
TESTS ..
RTOP NO~ 133-61-13 TITLE: HAZARD AVOIDANCE AND ELIMINATION
ORGANIZATION: MARSHALL SPACE FLIGHT _
MONITOR: HUFFAKER, R. M. TEL. 205-453-1156
TECHNICAL SUMMARY
DEVELOP A GROUND BASED LASER DOPPLER SYSTEM TO DETECT AIRCRAFT
TRAILING VORTICES ON APPROACHES TO AND DURING AIRPORT TERMINAL AREA
OPERATIONS. THIS SYSTEM WILL BE CAPABLE OF MEASURING THE
3-DIMENSIONAL VELOCITY STRUCTURE OF THE ATMOSPHERIC WINDS AND OF
AIRCRAFT TRAILING VORTICES. THIS SYSTEM WILL BE USED IN THE TERMINAL
AREA TO GAIN MORE INFORMATION OF THE PROPERTIES OF AIRCRAFT VORTICES
AND WARN OF HAZARDOUS TURBULENCE CONDITIONS ON AIRPORT RUNWAYS AND
MAKE ATMOSPHERIC WIND VELOCITY AND TURBULENCE MEASUREMENTS. DEVELOP
A CLEAR AIR TURBULENCE DETECTION SYSTEM FOR RESEARCH PURPOSES AND TO
ACT AS AN ON-BJARD WARNING SYSTEM FOR AIRCRAFT. PRIOR TO THE
DEVELOPMENT OF AN AIRPORT SYSTEM, FEASIBILITY EXPERIMENTS WITH AN
EXISTING 1-DIMENSIONAL C02 LASER WILL BE PERFORMED TO DETERMINE
AIRCRAFT VORTEX VELOCITY SIGNATURES. A STUDY HAS BEEN INITIATED TO
DETERMINE THE FEASIBILITY OF USING A LASER DOPPLER SYSTEM IN THE
TERMINAL AREA TO ACT AS AN AIRPORT WARNING SYSTEM FOR AIRCRAFT
VORTICES AND ATMOSPHERIC TURBULENCE. A DESIGN EFFORT FOR AN AIRPORT
WARNING SYSTEM WILL BE MADE. SYSTEM STUDIES AND COMPLETE OPTICAL,
ELECTRICAL, AND MECHANICAL DESIGN FOR A RESEARCH SYSTEM WILL BE MADE.
USING THE DEVELOPED SYSTEM, EXTENSIVE GROUND TESTS WILL BE MADE IN
AND AROUND AIRPORTS AND MEASUREMENTS OF ATMOSPHERIC WIND VELOCITY AND
TURBULENCE WILL BE MADE. THE DEVELOPMENT OF C02 LA~ER AMPLIFIERS,
SYSTEM STUDIES AND ELECTRICAL AND MECHANICAL DESIGN OF A RESEARCH
AIRBORNE CAT DETECTION SYSTEM WILL BE PERFORMED. THE SYSTEM WILL BE
FABRICATED AND INTEGRATED INTO A FLYABLE RESEARCH SYSTEM ON AN
AIRCRAFT. INITIAL FLIGHT TESTS WILL BE MADE FOLLOWED BY EXTENSIVE
FLIGHT TESTING TO OPTIMIZE THE SYSTEM.
RTOP NO. 133-61-14 TITLE: AIRFIELD TRAFFIC
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
AIRCRAFT TRAFFIC CONGESTION CURRENTLY EXISTS AT SOME AIRPORTS
AND THREATENS OTHERS. THIS CONGESTION COMPROMISES THE EFFICIENCY AND
ECONOMY OF AIRCRAFT OPERATIONS, INCONVENIENCES THE PASSENGERS AND
CONTRIBUTES TO AIR AND NOISE POLL UTION. THE OBJECTIVES OF PROGRAMS
COVERED BY THIS RTOP ARE TO MINIMIZE THE RUNWAY OCCUPANCY TIME AND TO
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EXPEDITE AIRFIELD TRAFFIC THROUGH EFFECTIVE GROUND CONTROL OF
AIRCRAFT. RESEARCH TO MEET THESE OBJECTIVES WILL STUDY AND ASSESS
VARIOUS TECHNIQUES TO SAFELY INCREASE THE FLOW OF AIRCRAFT TRAFFIC ON
THE GROUND AND AT THE PASSENGER GATES.
RTOP NO. 133-61-15 TITLE: BUILDING RESPONSE TO NOISE AND SONIC BOOM
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K.,JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO IDENTIFY, TO QUANTIFY, AND TO
PREDICT THE DETRIMENTAL EFFECTS OF NOISE AND SONIC BOOMS ON GROUND
BASED STRUCTURES AND EQUIPMENT IN ORDER THAT DESIGN AND OPERATIONAL
PROCEDURES MAY BE DEVISED TO MINIMIZE SUCH EFFECTS. THE EMPHASIS IS
ON BUILDING STRUCTURES FOR WHICH VIBRATIONS, NOISE TRANSMISSION AND
SUPERFICIAL DAMAGES DUE TO REPEATED LOADS, ARE OF PARTICULAR CONCERN.
PARTICULAR EMPHASIS IS PLACED ON THE LOW FREQUENCY RANGE WHICH IS
IMPORTANT FOR FUTURE FLIGHT VEHICLES SUCH AS STOL'S AND SST'S. THIS
WORK WILL BE A:COMPLISHED BY MEANS OF THEORETICAL STUDIES AND MODEL
COMPONENT TESTS USING LABORATORY ACOUSTICAL EXCITATION.
RTOP NO. 133-61-16 TITLE: INSTRUMENTATION EVALUATION AND
DEVELOPMENT OF FLIGHT RESEARCH SENSORS
ORGANIZ ATION: FLIGHT RESEARCH CENTER / _ . ----------.
MONITOR: WEBB, L. D. TEL. 805-258-3311
TECHNICAL SUMMARY
THE ADVANCED TYPE RESEARCH FLIGHTS BEING CONDUCTED AT FRC
REQUIRES THE USE OF NEW AND UNPROVEN TYPES OF SENSORS TO OBTAIN THE
DESIRED RESEARCH MEASUREMENTS. THE OBJECTIVE OF THIS PROGRAM IS THE
DESIGN, DEVELOPMENT AND TESTING OF ADVANCED SENSORS PARTICULARLY WHEN
THE WORK IS BEING DONE IN ADVANCE OF, OR APART FROM, THE VEHICLE ON
WHICH IT WILL ULTIMATELY BE USED. EXAMPLES OF NEEDED SENSORS ARE
ALTIMETERS FOR USE AT HIGH SPEEDS AND EXTREME ALTITUDES, MINIATURE
PRESSURE TRANSDUCERS CAPABLE OF WITHSTANDING MACH 3 STAGNATION
TEMPERATURES, PRESSURE SURVEY RAKES SUITABLE FOR MEASURING DYNAMIC
FLOWS. SPECIAL COMPENSATED PITOT-STATIC PROBES, AND MINIATURE FLOW
DIRECTION SENSC>RS FOR DETERMINING LOCAL FLOW ANGULARITIES. WHENEVER
POSSIBLE "OFF-rHE-SHELF" ITEMS WILL BE USED WITH FLIGHT SUITABILITY
~EING DETERMINED IN FRC LABS. DEVELOPMENT OF NEW CONCEPTS WILL BE
SPONSORED IF NO AVAILABLE DEVICES SUIT THE NEEDS.
RTOP NO. 133-61-16 TITLE: FLIGHT TEST INSTRUMENTATION
ORGANIZATION: LANGLEY RESEARCH CENTER:. ---_
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
NEW CONCEPTS, TECHNIQUES, AND ADVANCED TECHNOLOGY WILL BE
INVESTIGATED, DEVELOPED, AND APPLIED TO IMPROVE, REPLACE, OR TO FILL
VOIDS IN AIRCRAFT FLIGHT TEST INSTRUMENTATION TECHNIQUES AND SYSTEMS
REQUIRED FOR RESEARCH RELATING TO THE EFFICIENT 'AND SAFE OPERATION OF
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ALL CLASSES OF AIRCRAFT. EFFORT WILL BE CONCENTRATED IN MAKING
AVAILABLE TO RESEARCHERS NEW OR IMPROVED SENSORS, DATA SYSTEMS WITH
BOTH PCM AND ANALOG CAPABILITY, AND SPECIAL ELECTRONIC CIRCUIT AND
SYSTEM TECHNIQUES TO PERFORM UNIQUE DATA COLLECTION TASKS.
RTOP NO. 133-61-18 TITLE: EXTENDING CROSSWIND LANDING LIMITS FOR
STeL OPERATIONS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NICKS, O. W. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVE IS TO INVESTIGATE STOL CROSSWIND LANDING PROBLEMS
AND METHODS OF EXTENDING THE CROSSWIND LIMITS FOR LANDING. A FLIGHT
INVESTIGATION WILL BE CONDUCTED TO DETERMINE THE RELATION BETWEEN
AIRPLANE RESPONSE, PILOTING TECHNIQUE, FLIGHT SAFETY MARGINS, AND
CROSSWIND LIMITS DURING STOL-TYPE LANDING OPERATIONS. AN ANALYTICAL
STUDY WILL ALSJ BE CONDUCTED TO INVESTIGATE CROSSWIND LANDING GEAR
CONFIGURATIONS. FINALLY, A CROSSWIND LANDING GEAR WILL BE DESIGNED,
BUILT, AND FLIGHT TESTED.
RTOP NO. 134-03-03 TITLE: PROPERTIES OF MATERIALS FOR ELECTRONIC
APPLICATIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THIS IS A PROGRAM OF EXPERIMENTAL AND THEORETICAL RESEARCH AIMED
AT ·DETERMINING THE BASIC RELATIONSHIPS BETWEEN ELECTRONIC AND DEFECT
STRUCTURES OF ~ATERIALS AND THEIR POTENTIALLY USEFUL ELECTRONIC
PROPERTIES. THE KNOWLEDGE OBTAINED WILL MAKE POSSIBLE THE
DEVELOPMENT OF IMPROVED, OR NEW, COMPONENT CONCEPTS FOR NASA FLIGHT
AND GROUND-BASED ELECTRONIC SYSTEMS. DURING THE COMING YEAR, THE
RESEARCH WILL ENCOMPASS THEORETICAL STUDIES OF SUPERCONDUCTIVITY IN
METAL AND ORGANIC SUPERCONDUCTORS, EXPERIMENTAL INVESTIGATIONS OF
SUPERCONDUCTING TRANSMISSION LINES AND THE JOSEPHSON EFFECT IN
SUPERCONDUCTIN3 THIN EILMS, CHARGE TRANSPORT AND STORAGE IN HIGHLY
INSULATING THIN FILMS, THERMOMAGNETIC AND MAGNETO-OPTIC EFFECTS IN
FILMS OF INTERMETALLIC COMPOUNDS, THE ELECTRICAL AND NOISE PROPERTIES
OF SPACE-CHARGE-LIMITED CURRENTS IN ELEMENTAL AND COMPOUND
SEMICONDUCTORS, AND PHOTO-EFFECTS ASSOCIATED WITH SCHOTTKY BARRIERS
IN SEMICONDUCTORS.
RTOP NO. 134-03-20 TITLE: ADVANCED MATERIALS FOR AERONAUTICS
ORGANIZATION: LEWIS RESEARCH CENTER-
MONITOR: FRECHE, J. C. TEL. 216-433-4000
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO DEVELOP ADVANCED MATERIALS
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AND MATERIAL PROTECTION SYSTEMS WITH SUPERIOR CHARACTERISTICS FOR
VARIOUS AERONAUTICS APPLICATIONS AND TO EXTEND PROCESSING TECHNOLOGY
SO THAT ADVANCED MA~ERIALS CAN BE EFFECTIVELY EXPLOITEDc TO ACHIEVE
THESE OBJECTIVES v RESEARCH IS UNDERWAY TO IMPROVE THE CAPABILITY OF A
NUMBER OF ALLOY SYSTEMS PRINCIPALLY FOR HIGH TEMPERATURE USE, BUT IN
SOME CASES FOR INTERMEDIATE TEMPERATURE APPLICATIONS AS WELL. THESE
SYSTEMS INCLUDE TITANIUM, IRON, NICKEL, COBALT, AND CHROMIUM-BASE
ALLOYS AS WELL AS REFRACTORY .COMPOUNDS WHICH HAVE POTENTIAL FOR
ULTRA-HIGH TEMPERATURE APPLICATIONSo ALLOYING, DISPERSION
STRENGTHENING, PREALLOYED POWDER TECHNOLOGY, THERMOMECHANICAL
PROCESSING AND DIRECTIONAL SOLIDIFICATION ARE UNDER INVESTIGATION.
STUDIES ARE ALSO BEING CONDUCTED IN SPECIFIC AREIS OF CORROSION
ASSOCIATED WITH VARIOUS AERONAUTICS APPLICATIONS, SUCH AS HOT SALT
STRESS CORROSIJN OF TITANIUM ALLOYS u AND OXIDATION AND SULFIDATION OF
SUPERALLOYS. WHERE APPLICABLE, PROTECTIVE COATINGS ARE BEING
DEVELOPED ,AND THEIR EFFECTIVENESS STUDIED AS A FUNCTION OF
TEMPERATURE, TIME AND ENVIRONMENT. IMPLICIT IN EACH RESEARCH AREA ARE
BASIC STUDIES DESIGNED TO CONTRIBUTE TO THE UNDERSTANDING OF
FUNDAMENTAL MATERIAL BEHAVIOR.
RTOP NOc 134-03-20 TITLE: ADVANCED MATERIALS FOR AERONAUTICS
ORGANIZATION: LANGLEY RESEARCH CENTER'
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DETERMINE THE BEHAVIOR AND THE SUITABILITY
OF ~DVANCED MArERIALS FOR AIRCRAFT STRUCTURAL APPLICATIONS AND TO
CONDUCT STUDIES ON ADVANCED FABRICATION METHODS, 'MATERIALS BEHAVIOR,
EFFECTS OF E~VIRONMENTS ON MATERIAL PERFORMANCE, AND TO MAKE
METALLURGICAL EXAMINATIONS AND STUDIES TO CHARACTERIZE THE NATURE AND
MAGNITUDE OF TUE MATERIAL DEGRADATIONo THE WORK WILL CONSIST OF
RESEARCH TO ESTABLISH THE PROPERTIES OF MATERIALS EXPOSED TO
SIMULATED AIRCRAFT ENVIRONMENT, TO MAKE ANALYTICAL STUDIES OF CREEP,
OXIDATION AND DIFFUSION TO PREDICT PERFORMANCE AND BY SUITABLE
ADJUSTMENT OF HEAT TREATMENT PARAMETERS OR SURFACE TREATMENTS TO
ENHANCE PERFORMANCE OF THESE MATERIALS FOR AIRCRAFT APPLICATIONS.
SOME ATTENTION WILL BE GIVEN ~O STUDY ADVANCED FABRICATION METHODS,
EFFECTS OF FABRICATION ON MATERIAL PROPERTIES AND THE APPLICATION OF
NONDESTRUCTIVE EVALUATION TECHNIQUES TO PREDICT DEGRADATION OF
MATERIAL PROPERTIES. ENVIRONMENTAL EFFECTS ASSOCIATED WITH
HIGH-SPEED AIRFLOW INCLUDING STRESS CORROSION AND EROSION BY WATER,
ICE CRYSTALS AND DUST WILL BE INVESTIGATED TO ESTABLISH POSSIBLE
DEGRADATION LN MECHANICAL OR PHYSICAL PROPERTIES. FRACTURE SURFACES
OBTAINED FRO~ ~ATERIALS TESTED UNDER VARIOUS LOADS AND ENVIRONMENTS
WILL BE SYSTEMATICALLY CHARACTERIZED METALLURGICALLY TO AID IN
INTERPRETING MATERIALS FAILURES IN AIRCRAFT STRUCTURES.
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RTOP NO. 134-03-21 TITLE: FATIGUE, FRACTUREI!' AND LIFE PREDICTION
ORGANIZATION~ LANGLEY RESEARCH CENTER - ~ .. ~ _
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THIS RESEARCH IS PART OF A LONG-RANGE PLAN TO PROVIDE ~HE
NECESSARY UNDERSTANDING OF FATIGUE AND FRACTURE BEHAVIOR. IT IS
AIMED AT DEVELOPING DESIGN RULES FOR EFFICIENT AIRCRAFT STRUCTURE
WITH HIGH STRU:TURAL INTEGRITY. BECAUSE FATIGUE AND FRACTURE ARE
PHENOMENA INFLUENCED BY A LARGE NUMBER OF PARAMETERS, THIS RESEARCH
INCLUDES A SYSTEMATIC INVESTIGATION OF ONLY SELECTED PARAMETERS
JUDGED TO BE AMENABLE TO RATIONAL SOLUTION AND FOR WHICH ENGINEERING
RULES ARE URGENTLY NEEDED. BOTH EXPERIMENTAL AND ANALYTICAL
INVESTIGATIONS WILL BE CONDUCTED AS APPROPRIATE FOR EACH PARAMETER.
IF ANALYTICAL SOLUTIONS ARE AVAILABLE (FOR EXAMPLE, CRACK PROPAGATION
BEHAVIOR OF STIFFENED PANELS), THE EXPERIMENTAL INVESTIGATIONS ARE
USED TO DEMONSTRATE APPLICABILITY. ON THE OTHER HAND, SOME
PARAMETERS ARE NOT CAPABLE O~ ANALYTICAL PREDICTION (FOR EXAMPLE,
BEHAVIOR OF SPECIFIC MATERIALS). DATA ARE'GENERATED THROUGH
SYSTEMATIC TESTS· AND ARE CORRELATED EMPIRICALLY. FOR MATERIAL
BEHAVIOR, SPECIAL EMPHASIS WILL BE PLACED ON BEHAVIOR OF COMPOSITES
AND ON TITANIU~ ALLOYS. ONGOING RESEARCH WILL BE CONTINUED TO
IMPROVE THE METHODS FOR ACCOUNTING FOR STRESS CONCENTRATION, ABSOLUTE
SIZE AND SHAPE' OF PARTS, LOADING HISTORIES, THERMAL EFFECTS, AND
CORROSIVE EFFECTS. EFFECTIVE AND ECONOMICAL METHODS FOR DEJECTING
DAMAGE AND FOR MONITORING SERVICE LOADS WILL BE DEVELOPED.
RTOP NO. 134-0'3-21 TITLE: FATIGUE!, FRACTURE, AND LIFE PREDICTION
ORGANIZATION: LEWIS RESEARCH CENTER ~ ' ... ~ ~~ ~
MONITOR: MANSON, S. So TEL. 216-433-4000
TECHNICAL SUMMARY
A MAJOR OBJECTIVE IS TO OBTAIN A BETTER UNDERSTANDING OF THE
FAILURE OR FRACTURE MECHANISMS THAT ARE INVOLVED IN THE APPLICATION
OF ADVANCED MATERIALS TO AERONAUTICS STRUCTURES OR PROPULSION
SYSTEMS. A SECOND MAJOR OBJECTIVE IS TO ,DEVELOP METHODS FOR
PREDICTING THE LIFE OF SPECIMENS OR COMPONENTS WHEN. THEY ARE
SUBJECTED TO CONSTANT TEMPERATURE AND MONOTONIC LOADS OR TO COMPLEX
PATTERNS OF TEMPERATURES AND LOADS AS A FUNCTION OF TIME. TO ACHIEVE
THESE OBJECTIVES, RESEARCH IS UNDERWAY TO EXTEND EXISTING LIFE
PREDICTION TECHNIQUES AND ANALYSES, AND TO DEVELOP NEW METHODS FOR
DETERMINING THE STRESS AND STRAIN DISTRIBUTIONS IN THE VICINITY OF
DISCONTINUITIES SUCH AS FLAWS OR CRACKS, AS WELL AS TO UNDERSTAND THE
REACTION OF ADVANCED MATERIALS TO THESE DISCONTINUITIES WHEN
SUBJECTED TO VARIOUS ENVIRONMENTAL CONDITIONS. VARIOUS APPROACHES
ARE ALSO BEING EXAMINED FOR PREDICTING THE TIME TO INITIATION OF THE
FIRST DETECTABLE CRACKS AS A RESULT OF MECHANICAL AND THERMAL FATIGUE
AND TO PREDICTING THE PROPAGATION RATE OF THESE CRACKS. STANDARD
FRACTURE TEST METHODS AND SPECIMENS ARE BEING DEVELOPED TO PROPERLY
CHARACTERIZE THE FRACTURE BEHAVIOR OF MATERIALS AND TO PROVIDE
BACKGROUND INFORMATION FOR RATIONAL DESIGN PROCEDURES.
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RTOP NO. 134-03-21 TITLE: FATIGUE, FRACTUREi' AND LIFE PREDICTION
ORGANIZATION: AMES RESEARCH CENTER ...
MONITOR: GOOD.wIN, G. TELQ 415-961-2265
TECHNICAL SUMMARY
THE DELETERIOUS EFFECTS OF STRESS CORROSION ON THE MECHANICAL
PROPERTIES OF AIRCRAFT AND SPACECRAFT STRUCTURAL METALS ARE BEING
STUDIED IN ORDER TO DEVELOP ANALYTICAL TECHNIQUES AND PHYSICAL TEST
CRITERIA FOR PREDICTING AND MINIMIZING SUCH EFFECTS. IN PARTICULAR,
AN UNDERSTANDING OF THE EMBRITTLEMENT OF METALS BY GASEOUS HYDROGEN
WILL BE SOUGHT. EFFECTS OF REPRESENTATIVE EARTH ENVIRONMENTSi' SUCH
AS HUMID AND SALT LADEN AIR, ON CRACK GROWTH AND FATIGUE PROPERTIES
WILL BE INCLUDED IN THE STUDY. ~S DEMANDS INCREASE FOR MATERIALS TO
PERFORM AT THE LIMITS OF THEIR CAPABILITY, THERE IS URGENT NEED FOR
TECHNIQUES TO PREDICT THE EFFECTS OF THE ENVIRONMENT ON MATERIAL
PERFORMANCE TO AID IN THE PROPER SELECTION OF MATERIALS AND IN THE
DEVELOPMENT AND SELECTION OF PROTECTIVE METHODS.
RTOP NO. 134-03-22 TITLE: POLYMERS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: PATTERSON, W. J. TEL. 205-453-1224
TECHNICAL SUMMARY
THREE INTERRELATED TASKS HAVING THE FOLLOWING INDIVIDUAL
OBJECTIVES COMPRISE THI S TOTAL EFFORT. (1) SEALANTS - THE
DEVELOPMENT AND EVALUATION OF NEW POLYMER SYSTEMS CHARACTERIZED BY
LONG TERM STABILITY TO HYDROCARBON FUELS AND ELEVATED TEMPERATURES
FOR EVENTUAL USE AS INTEGRAL FUEL TANKAGE SEALANTS FOR ADVANCED
AEROSPACE VEHICLES.. (2) ADHESIVES - THE DEVELOPMENT AND SIMULATED
SERVICE TESTING OF" ELASTOMERIC ADHESIVES SUITABLE FOR ATTACHMENT OF
LOW DENSITY CERAMIC THERMAL PROTECTION SYSTEM (TPS) MATERIALS TO THE
SUBSTRUCTURES OF ADVANCED REUSABLE AEROSPACE VEHICLES. (3) LONG
TIME PROPERTIES - THE EVALUATION AND ULTIMATE PREDICTION OF LONG TERM
STRUCTURAL, ADHESION, THERMAL AND DIMENSIONAL STABILITY PARAMETERS OF
CANDIDATE ELASTOMERS INTENDED FOR SPECIFIC FUEL TANK SEALANT (TPS)
ADHESIVE AND RELATED CRITICAL APPLICATIONS WHEREIN AN EXCEPTIONALLY
LONG SERVICE LIFETIME IS CRITICAL.
RTOP NO. 134-03-22 TITLE: POLYMERS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TELa 213-354-4530
TECHNICAL SUMMARY
THIS IS A PROGRAM OF FUNDAMENTAL RESEARCH ON THE MECHANICAL
BEHAVIOR OF POLYMERS. IT IS INTENDED TO DETERMINE THE MOLECULAR
PARAMETERS WHICH CONTROL RHEOLOGICAL BEHAVIOR. THIS HAS BEEN
SUCCESSFUL IN SIMPLE AMORPHOUS SYSTEMS WHICH ARE NOT CHEMICALLY
REACTING. THE GOAL NOW IS TO "EXTEND THIS WORK FIRST TO LONGER TIMES,
WHERE DEGRADATION MAY SET IN, AND THEN TO SHORTER TIMES, WHERE THE
MATERIAL IS GLASS-HARD. THE GENERAL APPROACH SHOULD INVOLVE THE
SYNTHESES OF BJTH NEW AND MODIFIED POLYMERIC AND PROTOTYPE CHEMICAL
STRUCTURES, THE CHARACTERIZATION OF THESE MATERIALS AND THE
DETERMINATION OF CHEMICAL STRUCTURE AND PROPERTY RELATIONSHIPS.
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APPLICATIONS FOR THE MECHANICAL PROPERTIES WORK MIGHT RANGE FROM
IMPROVED SOLID PROPELLANTS, SEALANTS FOR HIGH-SPEED AIRCRAFT AND NEW
TYPES OF REINFORCED PLASTICSG
RTOP NOG 134-03-22 TITLE: POLYMERS
ORGANIZATION: LANGLE! RESEARCH CENTER._~ .~.. ~_.
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE IS TO CONDUCT BASIC RESEARCH ON THE PREPARATION,
PROPERTIES, AND PROCESSING CHARACTERISTICS OF NEW POLYMERS.
EXPLORATORY SYNTHESES WILL LEAD TO NEW POLYMERS WITH UNIQUE
PROPERTIES WHILE DIRECTED SYNTHETIC RESEARCH WILL TAILOR THE
PROPERTIES OF CURRENT POLYMER SYSTEMS TO ACHIEVE IMPROVED PROCESSING
QUALITIES. THUS, NEWLY DISCOVERED POLYMERS WITH UNPREDICTABLE BUT
NOVEL PROPERTIES CAN BE RAPIDLY DEVELOPED TO SATISFY FUTURE MATERIALS
PROBLEMS WHICH EMERGE FROM ADVANCED PERFORMANCE AIRCRAFT, IN ADDITION
TO THE EXPLOIT~TION OF MODIFIED POLYMER SYSTEMS TO SATISFY
CONTEMPORARY CRITICAL AERONAUTICAL APPLICATIONS. THE BASIC
PROPERTIES OF NEW AND MODIFIED POLYMER SYSTEMS, PARTICULARLY THOSE
DERIVED FROM AROMATIC-HETEROCYCLIC CLASSES WITH EXCEPTIONAL LEVELS OF
THERMO-OXIDATIVE AND RADIATION STABILITY, WILL BE STUDIED NOT ONLY BY
~ VARIETY OF CLASSICAL POLYMER CHARACTERIZATION TECHNIQUES BUT ALSO
BY SEVERAL NEWLY DEVELOPED POLYMER RESEARCH DISCIPLINES. IT IS
ANTICIPATED TH!T GUIDELINES FOR THE IMPROVEMENT OF POLYMER
PROCESSABILITY WILL RESULT BY DEFINING THE INTERRELATIONSHIP BETWEEN
THE CHEMICAL STRUCTURES OF POLYMERS AND CERTAIN PROPERTIES SUCH AS
THERMO-MECHANI:AL BEHAVIOR AND THERMO-OXIDATIVE STABILITY. IN
ADDITION, THE ESTABLISHMENT OF A TEST PROGRAM TO EVALUATE THE EFFECTS
OF OPERATING ENVIRONMENT UPON A BROAD VARIETY OF POLYMERIC MATERIALS
WILL ENHANCE THE RELEVANCE OF POLYMER RESEARCH TO AERONAUTICAL
MATERIALS TECHNOLOGY.
RTOP NO. 134-03-22 TITLE: POLYMERS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THIS RTOP INCLUDES THE FOLLOWING AREAS OF POLYMER RESEARCH:
CHEMICAL KINETICS OF POLYMERIC MATERIALS USED FOR FIRE RETARDANCE,
THERMAL PROTECTI~N AND FLAME INHIBITION; SYNTHESIS AND
CHARACTERIZATION OF MODEL HIGH-TEMPERATURE AND ABLATIVE POLYMERS;
KINETICS OF SMOG FORMATION; MATERIALS TOXICOLOGY; _AND MECHANISMS OF
DEGRADATION OF POLYMERS IN SPACE ENVIRONMENT. TO CONDUCT FUNDAMENTAL
RESEARCH ON THE PROPERTIES AND BEHAVIOR OF POLYMERS WITH A VIEW
TOWARD THEIR A~PLICATION IN THE PHYSICAL AND LIFE SCIENCES AND IN
SPACE TECHNOLOGYG APPLICATIONS FOR THIS WORK ARE IN THE FIELDS OF
SPACECRAFT HEAT PROTECTION, FIRE RETARDATION, PROTECTION ANP
SUPPRESSION, ENVIRONMENTAL EFFECTS ON MATERIALS, AIR AND WATER
POLLUTION CONTROL AND MATERIALS TOXICOLOGY. CHEMICAL KINETICS AND
IGNITION STUDIES WILL BE MADE TO DETERMINE OPTIMUM FIRE SUPPRESSIVE
AND ABLATIVE MATERIALS. FIRE-RESISTANT AND ABLATIVE POLYMERIC
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vMATERIALS WILL BE SYNTHESIZED AND CHARACTERIZED. MECHANISMS BY WHICH
THE SPACE ENVIRONMENT CAN ALTER THE MOLECULAR STRUCTURE OF POLYMERS
AND THE PHOTOCHEMISTRY _OF SMCG FOR~ATION WILL BE INVESTIGATED. THE
MOLECULAR STRUCTURE AND PHYSICO-CHEMICAL PROPERTIES OF BIOLOGICALLY
ACTIVE COMPOUNDS WILL BE STUDIED AND THEIR EFFECT ON THE
ION-TRANSPORT PROPERTIES OF SYNTHETIC MEMBRANES WILL BE INVESTIGATED.
RTOP NO. 134-03-23 TITLE: COMPOSITES
ORGANIZATION: LEWIS RESEARCH CENTER.
MONITOR: FRECHE, J. C. TEL. 216-433-4000
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS RESEARCH IS TO DEVELOP FIBER AND
LAMINATE COMPOSITE MATERIALS, STRUCTURES g AND COMPONENTS FOR VARIOUS
AERONAUTICAL APPLICATIONS. BOTH POLYMER AND METAL MATRIX COMPOSITES
MUST EXHIBIT GREATER STRENGTHS, TOUGHNESS, MODULUS OF ELASTICITY, AND
WHEREVER POSSIBLE, LIGHTER WEIGHT THAN BULK, MONOLITHIC ENGINEERING
MATERIALS. SUPERIOR PROPERTY-TO-WEIGHT ADVANTAGES (E.G., SPECIFIC
WEIGHT OR SPECIFIC MODULI) MUST BE MAINTAINED AT TEMPERATURE LEVELS
OF INTEREST WHICH RANGE FROM CRYOGENIC TEMPERATURES TO OVER 2500 F.
THE WORK IS ORIENTED TOWARD USE OF THESE MATERIALS IN ADVANCED GAS
TURBINE ENGINES AND MAJOR EFFORTS ARE GEARED TOWARD INCREASING USE
TEMPERATURES FJR FAN BLADES, COMPRESSOR BLADES, TURBINE BUCKETS, AND
NOZZLE VANES, WHILE MAINTAINING SUPERIOR PROPERTY-TO-WEIGHT
ADVANTAGES. THE MAJOR OBJECTIVES FOR THE PROGRAMS ARE AS FOLLOWS:
1. TO DEVELOP OR SYNTHESIZE IMPROVED POLYMERS SUITABLE FOR USE AS
MATRIX MATERIALS FOR TEMPERATURES UP TO 600 F. 2. TO IMPROVE SUCH
PROPERTIES OF POLYMER MATRICES AS THERMO-OXIDATIVE STABILITY, SHEAR
STRENGTH (IN ASSOCIATION WITH FIBERS) AND TOUGHNESS. 3~ TO DEVELOP
CARBON AND BOR1N FIBER-POLYMER MATRIX COMPOSITES WITH GREATER
STRENGTHS, MODULI, FIBER MATRIX BONDS AND TOUGHNESS.
RTOP NO. 134-03-23 TITLE: COMPOSITES
ORGANIZATION: LANGLEY RESEARCH CENTER, _
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEFINE AND INVESTIGATE SUPERIOR
REINFORCEMENTS AND MATRIX MATERIALS FOR FILAMENTARY COMPOSITES AND TO
STUDY THE FUNDAMENTAL MECHANICAL AND CHEMICAL BEHAVIOR OF STRUCTURAL
COMPOSITES. THE WORK WILL FOCUS ON INVESTIGATION OF NEW OR ADVANCED
FILAMENTARY MATERIALS, MATRIX MATERIALS AND COMPOSITES TO ESTABLISH
MECHANICAL PROPERTIES, FABRICATION PROBLEMS, AND RESISTANCE TO
APPROPRIATE ENVIRONMENTS WITH A VIEW TOWARD THEIR STRUCTURAL
APPLICATIONS IN ADVANCED AERONAUTICAL AND SPACE VEHICLES. STUDIES
WILL ALSO BE MADE OF ADHESIVES, RESINS, BONDING OF RESIN-MATRIX
COMPOSITES TO STRUCTURAL METALS, METAL-MATRIX COMPOSITES AND BRAZING
METAL-MATRIX COMPOSITES TO STRUCTURAL METALS. THIS PROGRAM WILL
YIELD INFORMATION ON THE FUNDAMENTAL BEHAVIOR OF ADVANCED COMPOSITES
AND WILL PROVIDE A BASIS FOR SELECTING ADVANCED COMPOSITES FOR
FURTHER STUDIES AIMED AT APPLICATIONS IN FLIGHT VEHICLES.
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RTOP NO. 134-14-01 TITLE: COMPOSITE MATERIALS APPLICATION TO
AIRCRAFT STRUCTURES
ORGANIZATION: LANGLEY RESEARCH CENTER ~_~_~~ _
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECSNICAL SUMMARY
THE OBJECTIVE IS TO CONDUCT RESEARCH ON COMPOSITE MATERIALS TO
RESOLVE PROBLEMS THAT MAY HINDER THEIR APPLICATION AND TO DEVELOP THE
TECHNOLOGY REQUIRED FOR THEIR UTILIZATION IN FUTURE AIRCRAFT
STRUCTURES. THE WORK CONSISTS OF THE FOLLOWING: DEVELOP ANALYTICAL
METHODS TO IMPROVE UNDERSTANDING OF COMPOSITE MATERIALS; EVALUATE
BEHAVIOR OF COMPOSITES UNDER VARIOUS ENVIRONMENTAL CONDITIONS;
DEVELOP CONCEPTS, FABRICATION AND NONDESTRUCTIVE EVALUATION
TECHNOLOGY. FABRICATE AND TEST CRITICAL COMPONENTS TO DEMONSTRATE
PERFORMANCE AND TO INDICATE CAPABILITY FOR POSSIBLE APPLICATIONS IN
AIRCRAFT STRUCrURES. INCLUDED ARE VIBRATION AND FLUTTER TESTS ON
COMPOSITE-REINFORCED WING STRUCTURES. CONDUCT FEASIBILITY STUDIES TO
DETER~INE APPLICABILITY OF REINFORCING THE PRIMARY STRUCTURE OF
COMMERCIAL OR MILITARY AIRCRAFT INCLUDING ~ELICOPTERS WITH COMPOSITE
MATERIALS. PREPARE DETAILED PLANS AND COST ESTIMATES FOR APPLICATION
OF THE COMPOSITE MATERIAL IN AIRCRAFT STRUCTURES. DEVELOP
APPLICATIONS TJ OPERATIONAL AIRCRAFT SUCH AS THE CH-54 HELICOPTER.
BOTH IN-HOUSE AND CONTRACTUAL EFFORTS WILL BE UNDERTAKEN. THE
RESULTS OF THESE STUDIES WILL PROVIDE NEW TECHNICAL INFORMATION AND
WILL DEVELOP CJNFIDENCE REQU~RED TO PERMIT EARLY APPLICATION OF
FILAMENTARY COMPOSITES IN SUBSONIC AND SUPERSONIC AIRCRAFT STRUCTURES.
RTOP NO. 134-14-02 TITLE: ANALYSIS AND DESIGN OF STRUCTURAL
COMPOSITES
ORGANIZATION: NASA-LEWIS RESEARCH CENTER ~_.~
MONITOR: MANSON, S. S. TEL. 216-433-4000
TECHNICAL SUMMARY
COMPOSITE MATERIALS OFFER A HIGH POTENTIAL FOR REDUCING THE
WEIGHT OF CERTAIN ENGINE COMPONENTS AND ALSO AIRFRAME STRUCTURAL
COMPONENTS. HOWEVER, BEFORE FULL ADVANTAGE CAN BE TAKEN OF THE
UNUSUAL PROPERTIES OF COMPOSITE MATERIALS IN SUCH APPLICATIONS,
CONSIDERABLE MATERIAL PROPERTY AND DESIGN INFORMATION IS NEEDED. IT
IS PROPOSED THAT STUDIES BE CONTINUED THAT WILL: 1. DEVELOP
(IN-HOUSE) ANALYTICAL DESIGN TECHNIQUES FOR PREDICTING STRUCTURAL
CHARACTERISTICS OF GIVEN COMPOSITE CONFIGURATIONS. 2. DEVELOP
(IN-HOUSE) AN ALYTICAL DESIGN TECHNIQUES FOR OPTIMIZING COMPOSITE
STRUCTURES FOR MINIMU~ WEIGHT. 3. DETERMINE (BY CONTRACT) FIBER
PROPERTY INFORMATION FOB USE IN ANALYTICAL DESIGN PROCEDURES. 4.
DETERMINE (BY CONTRACT) THE EFFECTS OF RESIDUAL STRESSES AND THERMAL
FATIGUE ON THE LOAD CARRYING ABILITY OF COMPOSITE STRUCTURES.
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RTOP NO. 134-14-03 TITLE: COMPOSITE MATERIALS APPLICATIONS TO C-130
CENTER WING STRUCTURE
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827~2042
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO OBTAIN LONGTIME FLIGHT
SERVICE PERFORMANCE OF FILAMENTARY COMPOSITE MATERIALS IN THE CENTER
WING BOX OF C-130 AIRCRAFT. THE OBJECTIVE WILL BE ACHIEVED THROUGH A
SYSTEMATIC PROGRAM AS FOLLOWS: CONDUCT ADVANCED DEVELOPMENT STUDY TO
PROVIDE DESIGN ALLOWABLES, MANUFACTURING AND PROCESS METHODS, AND
REQUIRED ANALYSIS METHODS; PERFORM DETAILED DESIGN; FABRICATE THREE
COMPOSITE-REINFORCED ALUMINUM-ALLOY WING BOXES; PERFORM GROUND TEST
ON ONE FULL-SCALE BOX (FATIGUE AND STRENGTH); INSTALL WING BOXES IN
TWO C-130 AIRCRAFT; RETURN AIRCRAFT TO AIR FORCE; PERFORM PERIODIC
MONITORING TO ESTABLISH PERFORMANCE OF WING BOXES; THE RESULTS OF
THIS FLIGHT SERVICE PROGRAM WILL PROVIDE MEANINGFUL DATA ON THE
PERFORMANCE OF COMPOSITE MATERIALS IN A PRIMARY STRUCTURE IN THE
FLIGHT ENVIRONMENT. RESULTS WILL ALSO BE OBTAINED ON DESIGN,
MANUFACTURING AND PROCESSING METHODS, NONDESTRUCTIVE EVALUATION AND
FIELD INSPECTIJN PROCEDURES HERETOFORE UNAVAILABLE ON LARGE SCALE
COMPOSITE-REINFORCED PRIMARY AIRCRAFT STRUCTURES. THE PROGRAM WILL
PROVIDE CONFIDENCE NEEDED BEFORE COMMITMENTS ARE MADE TO FUTURE
APPLICATIONS IN AIRCRAFT STRUCTURES.
RTOP NO. 134-14-04 TITLE: NASTRAN (NASA STRUCTURAL ANALYSIS)
MANAGEMENT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS.. G. W. TEL. fo 3-8-27':" 204 2
TECHNICAL SUMMARY
TO PROVIDE NASA WITH THE TECHNICAL MANAGEMENT REQUIRED FOR THE
MAINTENANCE AND CONTINUED IMPROVEMENT OF THE NASTRAN SYSTEM FOR
STRUCTURAL ANALYSIS. THE MAINTENANCE AND IMPROVEMENT WILL BE CARRIED
OUT THROUGH A LEVEL OF EFFORT TYPE OF CONTRACT UNDER THE DIRECTION OF
THE NASTRAN SYSTEMS MANAGEMENT OFFICE (NSMO). THE OBJECTIVE IS TO
MAINTAIN NASTRAN AS A STANDARDIZED, STATE-OF-THE-ART, INTEGRATED
SYSTEM FOR STRUCTURAL ANALYSIS FOR NASA AND THE AEROSPACE COMMUNITY.
RTOP NO. 134-14-05 TITLE: AIRCRAFT STRUCTURAL DESIGN TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER- _
MONITOR: BROOKS, G. W. TEL. 103-821-2042
TECHNICAL SUMMARY
AUTOMATE THE DESIGN PROCESS FOR ADVANCED AIRCRAFT
CONFIGURATIONS. DEVELOP METHODS FOR INTEGRATING EXISTING DISCIPLINE
ANALYSIS CAPABILITIES INTO A COMPUTER SYSTEM FOR MULTIDISCIPLINARY
STRUCTURAL DESIGN OF ADVANCED AIRCRAFT. IMPROVE ANALYSIS AND DESIGN
METHODOLOGY BASIC TO THE MULTIDISCIPLINARY DESIGN SYSTEM.
INCORPORATE STR ENGTH,. FLUTTER, AND AEROELASTIC CONSIDERATIONS INTO
THE SYSTEM AND EXTEND PRESENT ANALYSIS PROCEDURES TO ACCOUNT FOR
LARGE DEFLECTIJNS, BUCKLING, PLASTIC BEHAVIOR, AND THE INFLUENCE OF
IMPERfECTIONS ~N STRENGTH. IN-HOUSE, GRANT AND CONTRACTUAL STUDIES
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WILL BE PERFOR~ED TO EXPLORE AND IMPROVE ANALYSIS PROCEDURES
REPRESENTING THE MAJOR DISCIPLINES CONTRIBUTING TO AIRCRAFT DESIGN
AND TO INCORPORATE THESE ANALYSES INTO MULTIDISCIPLINARY DESIGN
SYSTEMS. A WORKING SYSTEM FOR PRELIMINARY DESIGN OF ADVANCED
AIRCRAFT CONFIGURATIONS INCORPORATING ALL DOMINANT DISCIPLINES IN THE
PROCESS WILL BE CONSTRUCTED AND EVALUATED IN BOTH IN-HOUSE AND
CONTRACTUAL STUDIES. THE FOCUS OF THIS EFFORT WILL BE THE
DEVELOPMENT OF AN EXECUTIVE COMPUTER SYSTEM TO MANAGE THE ANALYSIS
AND DESIGN PRO:EDURES AND PERFORM THE BOOKKEEPING FUNCTIONS
CONTRIBUTING TJ THE VEHICLE DESIGN. IN-HOUSE ANALYTICAL STUDIES WILL
BE PERFORMED TO EXPLORE AND EVALUATE THE USE OF NASTRAN AND ELAS FOR
ANALYSIS OF AIRCRAFT STRUCTURES AND AS MODULES IN A DESIGN CYCLE, AND
IN-HOUSE EXPERIMENTAL WORK WILL EVALUATE ANALYSIS PROCEDURES FOR
AIRCRAFT STRUCfURES. UNDER CONTRACT, BUCKLING ANALYSIS METHODS FOR
AIRCRAFT STRUCTURES WILL BE IMPROVED, NONLINEAR ELASTIC AND PLASTIC
FINITE 'ELEMENT METHODS WILL BE DEVELOPED, AND STUDIES ON IMPROVED
ANALYSIS AND DESIGN PROCEDURES TO----
RTOP NO. 134-14-06 TITLE: DYNAMICS OF AERONAUTICAL STRUCTURES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE WORK TJ BE PERFORMED UNDER THIS RTOP IS TO DEVELOP AND
ESTABLISH IMPRJVED METHODS OF PREDICTING THE DYNAMIC RESPONSE OF
AIRCRAFT TYPE STRUCTURES TO OSCILLATORY AND TRANSIENT LOADINGS.
IMPROVED ANALYfICAL PROCEDURES WILL RESULT IN OPTIMIZATION PROCEDURES
THAT CONSIDER DYNAMIC FACTORS. FACTORS THAT WILL BE CONSIDERED
INCLUDE NOISE, CHARACTERISTICS OF STRUCTURAL MATERIALS SUCH AS
COMPOSITES, VIBRATION ISOLATION SYSTEMS, VIBRATION AND OTHER DYNAMIC
ENVIRONMENTS.----
RTOP NO. 134-14-07 TITLE: DYNAMICS OF AERONAUTICAL STRUCTURES
ORGANIZATION: AMES RESEARCH CENTER,
MONITOR: ROBERTS, L. TEL. 415-961-1111
TECHNICAL SUMMARY
THE EFFECTS OF NON-STEADY AERODYNAMIC PHENOMENA, SUCH AS
BOUNDARY LAYER NOISE AND PANEL FLUTTER, ARE KNOWN AND APPRECIATED,
BUT BASIC UNDERSTANDING OF THE CAUSE OF THESE EFFECTS IS LIMITED.
AN OBJECTIVE _OF THIS RESEARCH PROGRAM IS TO MEASURE, ACCURATELY AND
IN CONSIDERABLE DETAIL, THE UNSTEADY FORCES WITHIN THE BOUNDARY
LAYER, INCLUDING SUCH FACTORS AS THE INTENSITY AND SPATIAL
CORRELATION OF SURFACE STATIC PRESSURES. MATHEMATICAL PROCEDURES
WILL BE DEVELOPED TO ESTIMATE THE WIND TUNNEL RESULTS, AND GUiDE THE
RESEARCH PROGRAM. SIMILARLY, METHODS WILL BE EVOLVED TO CALCULATE
STRUCTURE RESPJNSE (AND FEEDBACK) TO THE AERODYNAMIC INPUT. WITH
REGARD TO PANEL FLUTTER, THE DAMPING INFLUENCE OF THE BOUNDAR~ LAYER
WILL BE THROUGHLY EXAMINED.
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RTOP NO. 134-14~08 TITLE: ADVANCED CONCEPTS FOR FUTURE AIRCRAFT
STRUCTURES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS, G. W. TEL. 703-827-i042
TECHNICAL SUMMARY
RESEARCH AND DEVELOPMENT IS BEING CARRIED OUT TO ESTABLISH A
TECHNOLOGY BASE FROM WHICH THE STRUCTURES FOR ADVANCED AIRCRAFT CAN
BE DESIGNED AND EVALUATED. INCLUDED IN T~E PROGRAM ARE BOTH
ANALYTICAL AND EXPERIMENTAL EFFORTS ON SELF-ADAPTIVE, VARIABLE
GEOMETRY. STRUCTURAL/AERODYNAMIC MECHANISMS APPLICABLE TO LOW SPEED
AIRCRAFT AS WELL AS _ON ENGINE AND AIRFRAME STRUCTURE CONCEPTS WHICH
WILL WITHSTAND THE RIGORS OF EXTENDED AND REPEATED SUPERSONIC AND
HYPERSONIC FLIGHT. RESEARCH DATA OBTAINED IN THE EXPERIMENTAL
PROGRAM WILL SERVE TO EVALUATE DESIGN METHODS AND PROCEDURES AND TO
ESTABLISH DESIGN APPLICATION GUIDELINES.
RTOP NO. 134-14-09 TITLE: ADVANCED CONCEPTS FOR FUTURE AIRCRAFT
SToRUCTURES
ORGANIZATION: FLIGHT RESEARCH CENTER.
MONITOR: VANO, A. E. TEL. 805-258-3311
TECHNICAL SUMMARY
THE PROGRA~ WILL ATTEMPT TO EXPERIMENTALLY VALIDATE SIGNIFICANT
HYPERSONIC-VEHICLE STRUCTURAL CONCEPTS AND INVESTIGATE FLIGHT-LOADS
MEASURING TECH~IQUES FOR THESE STRUCTURAL CONCEPTS AS THEY APPLY TO
THE oMHTV ..
RTOP NO. 135-17-01 TITLE: ALL-WEATHER INDEPENDENT LANDING MONITOR
ORGANIZATION: AMES RESEARCH CENTER
MONI10R: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THIS PROGRAM IS CONCERNED WITH DEVELOPMENT OF AN INDEPENDENT
LANDING MONITOR (ILM) WHICH MAY BE USED BY AIRCRAFT PILOTS TO VERIFY
INDEPENDENTLY THE PERFORMANCE OF AN INSTRUMENT LANDING SYSTEM (ILS)
DURING CATEGORY II AND III VISIBILITY CONDITIONS, AND TO PROVIDE AN
INDEPENDENT EMERGENCY LANDING CAPABILITY. THE DERIVATION OF A SET OF
REQUIREMENTS FJR SUCH AN ILM WILL BE CONTINUED IN THIS FISCAL YEAR.
DURING THE PREVIOUS YEAR, IT BAS BEEN DETERMINED THAT CURRENT
TECHNOLOGY CANNOT IMPLEMENT THE HARDWARE REQUIRED TO PRODUCE A
COMPLETELY UNCOOPERATIVE INDEPENDENT LANDING MONITOR USING ONLY THE
NATURALLY-OCCURRING RADIATION FROM THE AIRCRAFT SCENE IN THE
MICROWAVE PORTIONS OF THE SPECTRUM. HOWEVER, ENHANCEMENT OF THE SCENE
USING MICROWAVE "FLOOD-LIGHTING" AND/OR MICROWAVE "MARKERS" IN A
NUMBER OF POSSIBLE ORIENTATIONS, PULSING ARRANGEMENTS AND SCANNING
CONFIGURATIONS MAKES FEASIBLE POTENTIAL OPTIONS FOR AN ILM USING MANY
OF THE TECHNIQUES OF MICROWAVE RADIOMETRY. ONE OF THE MOST PROMISING
OF THESE SUGGESTED SYSTEMS, EMPLOYING A SCANNING ANTENNA OF MODEST
ANGULAR RESOLUTION IN THE VERTICAL DIRECTION AND A PULSED WIDE BAND
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MICROWAVE ILLUMINATOR ON THE GROUND IS BEING DEVELOPED UNDER CONTRACT
AND WILL BE DELIVERED IN FY 72. GROUND TESTS WILL BE CONDUCTED TO
DETERMINE PRELIMINARY SYSTEM PERFORMANCE, WHICH WILL THEN BE VERIFIED
IN ACTUAL FLIGHT TESTS. OPTIMUM PARAMETERS FOR THE AIRCRAFT AND
GROUND EQUIPMENT, INCLUDING AIRCRAFT DISPLAY WILL BE CONSIDERED AND
CONCLUSIONS IN:ORPORATED IN A PROJECTED FINAL BREADBOARD OF A SECOND
GENERATION FLIGHT APPARATUS. FURTHER OBJECTIVES OF THIS STUDY WILL
BE TO CONSIDER THE SUITABILITY OF THE CANDIDATE SYSTEM AND
DISPLAYSFOR COLLISION AVOIDANCE AND AIRPORT SURFACE----
RTOP NO. 135-17-02 TITLE: AVIONICS FOR GENERAL AVIATION
ORGANIZATION: LANGLEY RESEARCH CENTER. _ _~,,~_
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP AVIONICS WHICH WILL IMPROVE THE
SAFETY AND UTILITY OF GENERAL AVIATION AIRCRAFT OPERATING IN THE
ENVIRONMENT WITH AIR CARRIERS AND MILITARY VEHICLES. ONE EFFORT IS
IN THE DEVELOPMENT OF COLLISION-HAZARD WARNING TECHNIQUES WHICH ARE
SUITABLE FOR GENERAL AVIATION AS WELL AS OTHER CLASSES OF AIRCRAFT.
THIS WORK IS BASED ON AN OPEN-ACCESS C.W. DOPPLER TECHNIQUE OPERATING
AT MICROWAVE FREQUENCIES WITH A UNIQUE MODULATION METHOD WHICH
PERMITS THE MEASUREMENT OF RANGE AND CLOSING VELOCITY, AND THE
INTERCHANGE OF ALTITUDE INFORMATION BETWEEN AIRCRAFT. A LOW-COST
TRANSPONDER IS REQUIRED ON EACH AIRCRAFT WITH THE COST OF ASSOCIATED
INTERROGATION AND DISPLAY EQUIFMENT DETERMINED BY AIRCRAFT
PERFORMANCE. rHE COST OF INSTALLATIONS FOR LOW~SPEED, LOW-ALTITUDE
AIRCRAFT WOULD BE MUCH LESS THAN THE _COST FOR HIGH-PERFORMANCE
VEHICLES. ANOTHER EFFORT IS RESEARCH ON AN AIRCRAFT POSITION DISPLAY
BASED ON A MAP OVERLAY USING LIQUID CRYSTALS. THE DISPLAY WOULD BE
COMPATIBLE WITH CURRENT VOR RECEIVING EQUIPMENT. IT WOULD AID THE
PILOT IN HIS NAVIGATION TASK AND IMPROVE SAFETY DURING ADVERSE
WEATHER CONDITIONS.
RTOP NO. 135-17-03 TITLE~ AIRCRAFT .TERMINAL AREA, VISIBILITY STUDIES
ORGANIZATION: NASA/WALLOPS STATION
MONITOR: HOLLAND, A. C. TEL. 703-824-3411
TECHNICAL SUMMARY
DEFINITION AND DEVELOPMENT OF A LOW-COST, IMPROVED SYSTEM FOR
MEASURING eR DETERMINING SLANT-PATH VISIBILITY ALONG AIRPORT, LANDING
APPROACH GLIDE PATHS. SUCH SYSTEMS ARE INCREASINGLY NECESSARY FOR
CATEGORY II AND III. THE MAJOR ELEMENTS OF THIS PROGRAM INCLUDE
ANALYTICAL MODELLING OF EXISTING TRANSMISSOMETER SYSTEMS TO DETERMINE
OPTIMUM METHODS FOR MEASURING PILOTS SLANT PATH VISIBILITY; SYSTEM
DEFINITION AND SYNTHESIS; DEVELOPMENT OF PROTOTYPE INSTRUMENTATION
AND DEMONSTRATION OF FEASIBILITY.
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RTOP NO. 135-19~05 TITLE: GENERAL AVIATION FLIGHT CONTROL SYSTEMS
AND DISPLAYS
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: GEE, S. W. TEL. 805-258-3311
TECHNICAL SUMMARY
THE TOTAL PROGRAM IS A COORDINATED EFFORT TO PROVIDE AVIONIC
SYSTEM TECHNOLJGY, DEVELOPMENT AND CRITERIA THAT WILL CONTINUE THE
IMPROVEMENTS IN SAFETY AND UTILITY OF ALL AIRCRAFT, PARTICULARLY
GENERAL AVIATIJN TYPE AIRCRAFT. VARIOUS NEW CONCEPTS IN FLIGHT
CONTROL, NAVIGATION, AND DISPLAY SYSTEMS ARE BEING INVESTIGATED
THROUGH THE USE OF SIMULATORS AND FLIGHT VEHICLES THAT WILL
EVENTUALLY PERMIT COMPLETELY AUTOMATIC FLIGHT THROUGH AIRBORNE AND
GROUND CONTROL COMPUTER PROGRAMING.
RTOP NO. 135-19-06 TITLE: DIGITAL FLY-BY-WIRE FLIGHT, CONTROL SYSTEM
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: BURKE, M.E. TEL. 805-258-3311
TECHNICAL SUMMARY
THE OVERALL OBJECTIVES OF THIS EFFORT ARE TO DESIGN, DEVELOP AND
FLIGHT TEST AN ADVANCED FLY-BY-WIRE FLIGHT CONTROL SYSTEM UTILIZING
DIGITAL COMPUT~TIONAL ELEMENTS. THE SYSTEM FLIGHT TESTED IN PHASE 1
WILL CONSIST OF A PRIMARY SINGLE CHANNEL, THREE AXIS DIGITAL
MECHANIZATION WITH REDUNDANCY PROVIDED THROUGH MULTICHANNEL BACKUP
MODES WHICH ARE SIMPLE TRANSFER FUNCTIONS FOR COMMANDED SURFACE
POSITION. THE PRIMARY CHANNEL WILL UTILIZE AVAILABLE SPACE HARDWARE
FROM THE APOLLO PROGRAM. PHASE 2 WILL BE A MULTICHANNEL DIGITAL
SYSTEM, UTILIZING HARDWARE THAT IS MORE REPRESENTATIVE OF WHAT IS
AVAILABLE ON THE MARKET TODAY.
RTOP NO. 135-24-01 T,ITLE: TECHNI QUES FOR SENSING AIR DATA
PARAMETERS ON LOW SPEED AIRCRAFT
ORGANIZATION: LANGLEY RESEARCH CENTER!
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
TECHNIQUES WILL BE DEVELOPED FOR SENSING AIR DATA PARAMETERS
DURING SLOW SPEED, LOW ALTITUDE FLIGHT OF HELICOPTERS, VTOL, AND STOL
AIRCRAFT. INITIAL EFFORT IS ON METHODS FOR ACCURATE MEASUREMENT AT
VELOCITIES BETWEEN 1 AND 50 FT/SEC, AND THE DEVELOPMENT OF
HEIGHT-ABOVE-TERRAIN SENSORS FOR O~ERATION OVER THE RANGE FROM 0 TO
100 FEET. FLUIDIC, ACOUSTIC, AND ELECTROMAGNETIC METHODS ARE BEING
CONSIDERED. FUTURE EFFORT WILL INCLUDE INVESTIGATION OF SENSORS FOR
MEASUREMENT OF AIRFLOW DIRECTION, LINEAR AND ANGULAR ACCELERATION,
AND VELOCITY VECTOR DURING LOW. SPEED FLIGHT.
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RTOP NO. 135- 24-02 TITLE: FL IGHT RES EARCH SENSOR TECHNOLOGY
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: VEATCH, D. W. TEL. 805-258-3311
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO DEVELOP PRECISION SENSORS AND
SIGNAL CONDITIONING TO MEASURE RESEARCH PARAMETERS ON MANNED
AIRCRAFT USED IN AERONAUTICAL FLIGHT RESEARCH. THREE MAIN AREAS OF
CONSIDERATION ARE ADDRESSED IN THIS PROGRAM. SENSORS FOR USE IN
FLIGHT MECHANICS, FLIGHT LOADS, AND FLIGHT DYNAMICS RESEARCH ARE
PRIME CANDIDATES FOR DEVELOPMENT. SENSORS WHICHSHOW DEFINITE PROMISE
OF MEETING THE PARTICULAR NEEDS OF THE FLIGHT RESEARCH CENTER IN THE
AREA OF IN-FLISHT PARAMETER MEASUREMENT ARE THE ONLYONES SELECTED FOR
FURTHER DEVELOPMENT. DUE LARGELY TO LIMITED IN-HOUSE MANPOWER,
SENSOR DEVELOPMENT EFFORTS UTILIZE CONTRACTORS TO A GREAT EXTENT.
FINAL EVALUATION AND ACCEPTANCE TESTING ARE PERFORMED IN-HOUSE.
RTOP NO. 136- 13-01 TITLE: AERODY NAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER .
MONITOR: LOFTIN p L. Keg JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THIS RESEARCH DEALS WITH THEORETICAL AND EXPERIMENTAL
AERODYNAMIC INVESTIG~TIONS OF COMPONENTS, COMBINATIONS, AND COMPLETE
RESEARCH CONFIGURATIONS FOR AERONAUTICAL VEHICLES THROUGHOUT THE
FLIGHT SPEED RANGE. IT INCLUDES THE DEVELOPMENT OF IMPROVED LIFTING
SURFACE THEORIES AND WING DESIGN METHODS, STUDIES OF BOUNDARY LAYERS
AND SKIN FRICTION, HEAT ,TRANSFER, VORTEX FLOWS, SEPARATED FLOW, AND
COMPONENT INTERFERENCE INCLUDING EXTERNAL STORE SEPARATION
CHARACTERISTICS. IT INCLUDES PERFORMANCE, STABILITY, CONTROL, AND
DYNAMIC DERIVArIVE ASPECTS AND DEALS WITH THE EFFECTS OF REYNOLDS
NUMBER, MIXED TRANSONIC FLOW, SUPERSONIC FLOW, NONRIGID BODIES AND
CORRELATIONS BETWEEN THEORY AND EXPERIMENT. THIS RESEARCH IS BEING
ACCOMPLISHED BY THE DEVELOPMENT OF NEW THEORETICAL APPROACHES, THE
APPLICATION OF EXISTING THEORIES, AND BY SYSTEMATIC WIND-TUNNEL AND
FLIGHT TESTING. THE PURPOSE IS TO PROVIDE ADVANCED RESEARCH
INFORMATION AND TECHNIQUES FOR PREDICTING AND IMPROVING THE
AERODYNAMICS OF AERONAUTICAL VEHICLES.
RTOP NO. 136-13-01 TITLE: AERODYNAMICS
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: SALTZMAN, E. J. TEL. 805-258-3311
TECHNICAL SUMMARY
VARIOUS FLIGHT VEHICLES WILL BE USED TO INVESTIGATE LOCAL
AERODYNAMICS THAT ARE ESSENTIALLY INDEPENDENT OF THE AIRCRAFT
CONFIGURATION BUT ARE DEPENDENT ON ENVIRONMENTS AND REYNOLDS· NUMBERS
ACHIEVEABLE THROUGH THE USE OF THE AIRCRAFT AND CANNOT BE ADEQUATELY
REPRODUCED IN GROUND FACILITIES. AREAS OF INVESTIGATION WILL INCLUDE
SKIN FRICTION, BASE DRAG, ROUGHNESS EFFECTS, AN ASSESSMENT OF
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BOUNDARY-LAYER PARAMETERS AS AFFECTED BY PRESSURE GRADIENT AND THE
FLIGHT PERFORMANCE'OF ADVANCED AIRFOILS INCLUDING THESUPERCRITICAL
WING CONCEPT. INTERACTIONS BETWEEN THE NORMAL WING, TAIL, AND
FUSELAGE FLOWS AND THE VARIOUS PROPULSION SYSTEM FLOWS SUCH AS COWL
SPILLAGE v BOUNDARY-LAYER BLEEDS u AND INLET BYPASSES WILL BE
INVESTIGATED IN APPROPRIATE SITUATIONS WHICH WILL INCLUDE THE YF-12C
AND FUTURE AIRCRAFT SUCH AS THE F-14 AND F-15 WHEN AVAILABLE.
RTOP NO. 136-13 ... 01 TITLE: AERODYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415~961-2280
TECHNICAL SUMMARY
THIS RESEARCH IS DIRECTED AT IMPROVING THE UNDERSTANDING OF
BASIC AEWODYNAMIC PHENOMENA SUCH AS FLOW SEPARATION, AERODYNAMIC
NOISE, ETC. THE OBJECTIVE IS TO DEVELOP IMPROVED METHODS FOR
PREDICTION OF AIRCRAFT CHARACTERISTICS; THE SPECIFIC AREAS OF STUDY
ARE (1) BOUNDARYLAYER FLOWS INCLUDING: FLOW SEPARATION INDUCED
NATURALLY, OR BY SHOCK WAVE IMPINGEMENT, BOUNDARY LAYER
CHARACTERISTICS AT HIGH REYNOLDS NUMBER, AND DEFINITION OF BOUNDARY
LAYER DEVELOPMENT; (2) NEWLY FORMULATED DYNAMIC STABILITY CRITERIA
FOR AIRCRAFT IN ORDER TO IDENTIFY WHICH STABILITY DERIVATIVES ARE
MOST IMPORTANT IN THE VARIOUS MACH NUMBER REGIMES; (3) CORRELATION
BETWEEN EXPERIMENT AND THEORY OF AERODYNAMIC CHARACTERISTICS SO AS TO
PROVIDE MORE MEANINGFUL COMPUTATIONAL METHODS; AND (4) THE EFFECTS OF
AIRFOIL SECTION AND PLANFORM VARIATION ON THE HIGH LIFT PERFORMANCE
OF tow ASPECT RATIO WING AT HIGH SUBSONIC SPEEDS. THE RESEARCH
STUDIES ARE Bor H ANALYTICAL AND EXPERIMENTAL, AND INVOLVE INHOUSE AND
CONTRACTUAL EFFORTS, INCLUDING GRANTS TO THREE UNIVERSITIES TO
CONDUCT A GRADUATE RESEARCH PROGRAM IN AERONAUTICS AND AIR TRANSPORT.
RTOP NO. 136-13-01 TITLE: AERODYNAMICS
ORGA"NIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL" 213-354-4530
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RTOP IS TO ACHIEVE A BASIC
UNDERSTANDING ~F THE FLUID FLOW AND OF THE HEAT TRANSFER ASSOCIATED
WITH SHOCK WAVE-BOUNDARY LAYER INTERACTIONS IN FLOW REGIMES RELEVANT
TO HYPERSONIC INLETS. INCLUDED IS THE DEVELOPMENT AND THE REFINEMENT
OF PREDICTION ~ETHODS AND THE CORRELATION OF EXPERIMENTAL RESULTS FOR
CONVENIENT PRACTICAL USE AS WELL AS FOR COMPARISON WITH THEORY. THE
CRITICAL CONDITIONS FOR WHICH INSUFFICIENT KNOWLEDGE IS AVAILABLE FOR
MAKING PREDICTIONS OF HEAT TRANSFER ARE THOSE THAT OCCUR WHEN SHOCK
WAVES INTERACT WITH A BOUNDARY LAYER THAT IS TURBULENT OR
TRANSITIONAL, JR A BOUNDARY LAYER THAT MAY SEPARATE AS A CONSEQUENCE
OF THE INTERAcrION. MOST OF THE EMPHASIS WILL BE PLACED ON TURBULENT
BOUNDARY LAYER FLOW.
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RTOP NO. 136-13-02 TITLE: SONIC BOOM
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ROBERTS. L. TEL. 415-961-2280
TECHNICAL SUMMARY
ANALYTICAL AND EXPERIMENTAL STUDIES ARE IN PROGRESS TO MINIMIZE
SONIC BOOM. ADVANCED THEORETICAL METHODS ARE BEING DEVELOPED FOR USE
IN ESTABLISHING FLIGHT PROFILES THAT WILL PRODUCE ACCEPTABLE LEVELS
OF SONIC BOOM PRESSURES ON THE GROUNDe RESULTS FROM THESE STUDIES
WILL BE USED IN THE DESIGN OF SUPERSONIC AIRCRAFT WHICH GENERATE ONLY
MINIMUM SONIC BOOM INTENSITIES.
RTOP NO. 136-13-02 TITLE: SONIC BOOM
ORGANIZATION: LANGLEY RESEARCH CENTER ~
MONITOR: LOFTIN, L. K.,JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP AN IMPROVED
UNDERSTANDING OF SONIC BOOM PHENOMENA, TO PROVIDE MORE ACCURATE AND
MORE CONVENIENr PREDICTION TECHNIQUES, AND TO DEVELOP DESIGN METHODS
THAT WILL LEAD TO ADVANCED LOW-BOOM SST AND HST CONFIGURATIONS WHICH
RETAIN ATTRACTIVE ECONOMIC FEATURES. ALTHOUGH THE PRIMARY EMPHASIS
CONTINUES TO BE DIRECTED TO STEADY LEVEL FLIGHT, INCREASING ATTENTION
WILL BE DEVOTED TO A STUDY OF ATMOSPHERIC AND TOPOGRAPHICAL FOCUSING,
THE EFFECTS OF ATMOSPHERIC TURBULENCE, AND THEINFLUENCE OF AIRCRAFT
ACCELERATION AND MANEUVERS. THE RESEARCH WILL BE ACCOMPLISHED BY
WIND-TUNNEL AND LABORATORY EXPERIMENTATION, BY THE CONDUCT OF
THEORETICAL STUDIES, AND BY THE ACQUISITION AND ANALYSIS OF DATA FROM
FLIGHT TEST PROGRAMS.
RTOP NO. 136-13-03 TITLE: HIGH REYNOLDS NUMBER EFFECTS IN TRANSONIC
FLew
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
TO IMPROVE TEST TECHNIQUES AND CORRELATION BETWEEN
VISCOSITY-DEPENDENT DATA OBTAINED FROM SCALE MODEL TESTS IN WIND
TUNNELS WITH FLIGHT DATA OBTAINED AT FULL SCALE REYNOLDS NUMBERS AT
TRANSONIC SPEEDS. THROUGH ANALYSIS AND SUPPORTING TESTS, DETERMINE
PRACTICAL LOWER LIMIT OF REYNOLDS NUMBER FOR TESTING OF AIRCRAFT
SHAPES AT TRANSONIC SPEEDS, AND DETERMINE THE INFLUENCE OF FACTORS
SUCH AS TUNNEL WALL DESIGN, STING-SUPPORT AND FLOW IRREGULARITIES ON
THE CORRELATION OF TRANSONIC AERODYNAMIC DATA AS AFFECTED BY
OPERATION OVER A RANGE OF REYNOLDS NUMBERS.
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RTOP NO. 136-13-03 TITLE: HIGH REYNOLDS NUMBER EFFECTS IN TRANSONIC
FLOW
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ROBERTS. L~ TEL. 415-961-2280
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RESEARCH EFFORT IS TO PROVIDE
INFORMATION LEADING TO AN IMPROVED BASIC UNDERSTANDING OF THE
REYNOLDS NUMBER SENSITIVITY OF TRANSONIC FLOW AND TO THE MEANS FOR
CORRECT SIMULATION OF FULL-SCALE FLOW CHARACTERISTICS IN WIND TUNNEL
TESTING. THE SECONDARY OBJECTIVE IS TO ACHIEVE RELIABLE HIGH
REYNOLDS NUMBER AERODYNAMIC DATA AT SUBSONIC AND TRANSONIC SPEEDS
THROUGH THE USE OF A DENSE GAS. OR A MIXTURE OF DENSE GASES.
RTOP NO. 136-13-03 TITLE: HIGH REYNOLDS NUMBER EFFECTS IN TRANSONIC
FLOWS
ORGANIZATION: JET PROPULSION LABORATORY \
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THIS IS AN EXPERIMENTAL AND THEORETICAL PROGRAM AIMED AT GAINING
AN UNDERSTANDING OF THE EFFECTS OF VISCOSITY IN TRANSONIC FLOW FIELDS
AND AN INVESTIGATION OF INTERFERENCE EFFECTS IN TRANSONIC WIND TUNNEL
TESTING. AREAS OF SPECIAL INTEREST ARE THOSE OF BOUNDARY LAYER SHOCK
WAVE INTERACTIlN. INCLUDING SHOCK-INDUCED BOUNDARY LAYER SEPARATION,
REYNOLDS NUMBER SCALING FOR VISCOUS TRANSONIC FLOWS AND PROBLEMS
RELATING TO SUPPORT INTERFERENCE IN WIND TUNNEL TESTS. EMPHASIS
DURING THE COMING YEAR WILL BE PLACED ON DEVELOPING EXPERIMENTAL
TECHNIQUES FOR EXA~INING THE RELATIVE IMPORTANCE AND REYNOLDS NUMBER
DEPENDENCE OF WAVE DRAG AND SKIN FRICTION. EXPERIMENTAL DETERMINATION
OF THE EXISTENCE AND MAGNITUDE OF INTERFERENCE SOURCES ON THE
AERODYNAMIC CHARACTERISTICS OF SIMPLE MODELS IN WIND TUNNEL TESTS
WILL ALSO BE INVESTIGATED. FURTHER EXPERIMENTS WILL BE DIRECTED AT
THE DETERMINATION OF FLOW FIELD GEOMETRIES WHICH ARE OF INTEREST TO
AND REQUIRED BY THEORETICAL ANALYSTS FOR VERIFICATION AND EXTENSION
OF EXISTING THEORIES. THE GOALS OF THIS TASK ARE TO DEFINE
QUANTITATIVELY THE POSSIBLE INTERFERENCE EFFECTS WHICH !!'lAY OCCUR
DURING TRANSONIC TESTS IN WIND TUNNELS AND TO GAIN AN UNDERSTANDING
OF THE FUNDAMENTAL PHYSICS OF VISCOUS TRANSONIC FLOWS IN ORDER TO
PROVIDE THE AIRCRAFT DESIGNER WITH A SOUND BASIS FOR WIND TUNNEL
TESTING OF TRANSONIC AIRCRAFT AND COMPONENTS.
RTOP NO. 136-n-04TITLE: BOUNDARY LAYER TRANSITION PROBLEM
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RESEARCH IS TO PROVIDE THEORETICAL
PROCEDURES. AL)NG WITH EXPERIMENTAL VERFICATION. FOR PREDICTING AND
UNDERSTANDIN3 THE PRO~ESS BY WHICH THE BOUNDARY LAYER FLOW MAKES THE
TRANSITION FROM LAMINAR TO TURBULENT CONDITIONS. THE DEVELOPMENT OF
KINETIC THEORIES OF NONEQUILIERIUM CORRELATION OFFER PROMISE OF
PREDICTING 1RANSITION AND DESCRIBING SHEAR-FLOW TURBULENCE. THE
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INITIAL'EFFORT~ WHICH IS CONFINED TO TWO-DIMENSIONAL FLOW 6 WILL BE
EXTENDED TO THE CASE OF THREE-DIMENSIONAL FLOW.
RTOP NO. 136-13-04 TITLE: BOUNDARY LAYER TRANSITION PROBLEM
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K. 1 JR. TEL. 703-827-3285
TECHNICAL SUMMARY
FUNDAMENTAL INVESTIGATIONS OF BOUNDARY LAYER TRANSITION WILL BE
UNDERTAKEN TO DETERMINE THE EFFECT OF ENVIRONMENTAL AND SURFACE
DISTURBANCES IN WIND TUNNELS AND FLIGHT AT SUPERSONIC AND HYPERSONIC
SPEEDS ON IDEALIZED SHAPES TO ESTABLISH A BASE OF INFORMATION FOR
DESIGN APPLICArrONS. BOTH THEORETICAL AND EXPERIMENTAL APPROACHES
ARE EMPLOYED AND THE EFFORT FOR THE PRESENT FISCAL YEAR CAN BE
CHARACTERIZED BY THE FOLLOWING ACTIVITIES: THEORETICAL STUDY OF
BOUNDARY LAYER STABILITY USING THE COMPLETE VISCOUS FLOW CONSERVATION
EQUATIONS, MEASUREMENT OF WIND TUNNEL NOISE LEVEL AND SPECTRA WITH
HOT WIRE AND FLUSH MICROPHONES AND CORRELATION WITH TRANSITION ON
MODELS, COOPERATIVE PROGRAM WITH AMES RESEARCH CENTER TO DETERMINE
SOURCE OF ANOMALOUS TRANSITION BEHAVIOR BETWEEN CERTAIN WIND TUNNELS
AT THESE CENTERS, INVESTIGATIONS TO ESTABLISH GROUNDWORK FOR A QUIET
HYPERSONIC WIND TUNNEL, SURFACE ROUGHNESS EFFECTS, THREE-DIMENSIONAL
AND SEPARATION EFFECTS ON TRANSITION, AND TRANSITION IN FREE SHEAR
~AYERS. RESULTS WILL INCREASE THE UNDERSTANDING OF BOUNDARY LAYER
BEHAVIOR AND TRANSITION ON SIMPLE AND COMPLEX SHAPES SO THAT
PREDICTIONS OF THESE PHENOMENA CAN BE IMPROVED.
RTOP NO. 136-13-04 TITLE: BOUNDARY LAYER TRANSITION PROBLEM
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE IMPROVED
UNDERSTANDING OF THE FLUID MECHANICAL PROCESSES INVOLVED IN THE
TRANSITION TO TURBULENCE WITHIN SUPERSONIC BOUNDARY LAYERS. THROUGH
COORDINATED THEORETICAL AND EXPERIMENTAL STUDIES, THE RELATIONSHIP
BETWEEN BOUNDARY LAYER STABILITY AND TRANSITION IS INVESTIGATED, AND
OTHER MECHANISMS RELATING TO THE ONSET OF TURBULENCE ARE EXPLORED,
WITH A VIEW TOWARD GAINING INSIGHT INTO THE RELATION BETWEEN
LABORATORY AND FREE-PLIGHT OBSERVATIONS OF TRANSITION. THE PROGRAM
RELIES HEAVILY ON THE UNtQUE PERFORMANCE OF THE JPL WIND TUNNELS AND
UPON COMPUTER PROGRAMS PERFECTED THROUGH LENGTHY DEVELOPMENT.
RTOP NO. 136-13-05 TITLE: COMPUTATIONAL FLUID DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
NUMERICAL APPROACHES WILL BE APPLIED TO THE CALCULATION OF TWO-
AND THREE-DIMENSIONAL FLOWS ABOUT AERODYNAMIC BODIES IN SUBSONIC,
TRANSONIC, SUPERSONIC, AND HYPERSONIC FLIGHT. ANALYTIC AND NUMERICAL.
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PROCEDURES WILL BE DEVELOPED FOR THE PREDICTION OF PRESSURE
DISTRIBUTIONS. AERODYNAMIC CHARACTERISTICS, FLOW FIELDS AND HEAT
TRANSFER IN VISCOUS FLOW WITH ATTACHED BOUNDARY LAYERS g DETACHED LEE
SIDE FLOWS WITH VORTEX FORMATION AND CONTROL AND OTHER INTERACTIONSQ
THESE STUDIES WILL LEAD TO THE UNDERSTANDING OF THE FLUID MECHANICS
AND AERODYNAMICS OF AIRCRAFT AND MISSILES OVER THEIR FLIGHT PROFILE.
GENERALLY, NONLINEAR NUMERICAL METHODS WILL BE APPLIED, SUCH AS
CHARACTERISTICS~ METHOD OF LINES q PINITE DIFFERENCED INTEGRAL,
TIME-ASYMPTOTIC: i' AND RELAXATION.. LINEAR THEORIES (SUCH AS VORTEX
LATTICE u FINITE-ELEMENT u ETC.,) MAY BE APPLIED WHERE APPROPRIATE.
BECAUSE OF COMPUTER LIMITATIONS IN 3-D PROBLEMS THE TECHNIQUE OF
PATCHING SOLUTIONS WILL BE UTILIZED.
RTOP NO. 136-13-05 TITLE: COMPUTATIONAL FLUID DYNAMICS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, JOHN W. TEL. 213-354-4530
TECHNICAL SUMMARY
IN THIS RESEARCH, WE WILL APPLY A NEWLY DEVELOPED THEORY OF
DIFFERENTIAL SYSTEMS, AND A UNIQUE CAPABILITY FOR SYMBOLIC
MANIPULATION BY COMPUTER g TO THE DISCOVERY OF THE MOST GENERAL
SIMILARITY SOLUTIONS OF IMPORTANT EQUATIONS OF CONTINUUM MECHANICS.
SUCH SOLUTIONS PREVIOUSLY HAVE BEEN FOUND BY AD HOC METHODS, WHICH
SEVERELY LIMITED THEIR NUMBER AND GENERALITY g AND DOMAIN OF
APPLICATION. UNDER A FORMER OART CODE RR MATHEMATICS TASK, A GENERAL
THEORY HAS BEEN DEVELOPED OF THE STRUCTURE OF SETS OF PARTIAL
DIFFERENTIAL EOUATIONS, AND A METHOD FOR FINDING THE MOST GENERAL
EXACT SIMILARITY SOLUTIONS OF SUCH SETS. THE METHOD IS BASED ON THE
MODERN CALCULUS OF EXTERIOR DIFFERENTIAL FORMS. AND IS ESPECIALLY
APPROPRIATE FOR NONLINEAR EQUATIONS SUCH AS OCCUR IN DESCRIBING FLUID
FLO~S. A PRACTICAL ADVANTAGE IN COMPLICATED CASES IS THE FACT THAT
THE SYSTEMATIC STRUCTURE OF THE THEORY ALLOWS THE USE OF COMPUTER
ANALYSIS. IN JOINT WORK AT lIT AND JPL A UNIQUE SERIES OF COMPUTER
PROGRAMS HAS BEEN DEVELOPED FOR NON-COMMUTATIVE SYMBOLIC CALCULATION
WITH EXTERIOR DIFFERENTIAL FORMS. THESE HAVE NOW BEEN APPLIED AT JPL
TO THE DERIVATION OF THE EQUATIONS FROM WHICH THE MOST GENERAL
SIMILARITY SOLUTIONS ARE FOUND. UNDER THIS TASK, THE FIRST EQUATIONS
TO BE TREATED WILL BE THOSE FOR INCOMPRESSIBLE LAMINAR BOUNDARY
LAYERS, TO DETERMINE ALL POSSIBLE FREE-STREAM VELOCITY FUNCTIONS FOR
WHICH SIMILARIry SOLUTIONS EXIST u AND TO SET UP THE ORDINARY
DIFFERENTIAL EOUATIONS FOR THE LATTER. THE NEXT MORE COMPLICATED
CLASSES OF FLOWS TO BE CONSIDERED WILL BE TIME DEPENDENT, OR THREE
DIMENSIONAL. FOR THESE NO EXACT SIMILARITY SOLUTIONS ARE NOW KNOWN.
AN IMPORTANT THEORETICAL ADVANCE TO BE----
RTOP NO. 136-13-05 TITLE: COMPUTATIONAL FLUID DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE PURPOSE IS TO DEVELOP NUMERICAL METHODS AND COMPUTER
PROGRAMS WHICH CAN BE USED RELIABLY e ACCURATELY, AND EFFICIENTLY FOR
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STUDY OF FLUID DYNAMIC PROBLEMS BOTH TWO AND THREE DIMENSIONAL
THROUGHOUT THE RANGE OF FLIGHT SPEEDS BY BOTH SERIAL AND PARALLEL
PROCESSING COMPUTERS. INTENDED APPLICATIONS ARE THE NUMERICAL
SIMULATION OF SUBSONIC. SUPERSONIC, HYPERSONIC, VISCOUS, AND INVISCID
FLOW FIELDS. PROPOSED METHODS WILL BE ANALYZED TO DETERMINE THEIR
ORDER OF ACCURACY, STABILITY, CONVERGENCE, DISSIPATION AND DISPERSIVE
PROPERTIES. PROMISING METHODS WILL THEN BE TESTED BY COMPUTING
SIMPLE FLOW FIELDS. A GRAPHICS SYSTEM HAVING AN INTERACTIVE
CAPABILITY DISPLAYING THE SOLUTION AS THE COMPUTATIONS ARE BEING
EXECUTED WILL BE ~HE PRIMARY TOOL USEb TO DETERMINE THE ABILITY OF
EACH METHOD TO COMPUTE SIGNIFICANT FEATURES OF THE FLOW PROCESSING.
INVISCID TRANSJNIC FLOW OVER ~HIN AIRFOILS AND SLENDER AXISYMMETRIC
BODIES HAS ALREADY BEEN STUDIED USING LINEARIZED SURFACE BOUNDARY
CONDITIONS. EXTENSION TO THICK, ROUND-NOSED AND LIFTING AIRFOILS IS
BEING MADE WITH VARIOUS COORDINATE SYSTEMS AND A MORE PRECISE
TREATMENT OF THE BOUNDARY CONDITIONS. THE ILLIAC IV SYSTEM WILL
PERMIT EXTENSION TO THREE-DIMENSIONAL FLOWS OVER WINGS AND YAWED
AXISYMMETRIC BODIES. VISCOUS EFFECTS WILL BE TREATED INITIALLY BY
INCLUDING THE DISPLACEMENT EFFECT OF THE BOUNDARY LAYER. GRAPHICS
DISPLAY UNITS WILL BE UTILIZED TO SHOW SIMULTANEOUSLY THE FLOW FIELD
PROPERTIES WITH AND WITHOUT VISCOUS EFFECTS. METHODS TO TREAT THE
INTERACTION OF SEPARATED FLOWS WITH THE INVISCID FLOW WILL BE
DEVELOPED. GR~PHICS DISPLAY UNITS WILL BE MONITORED, NOT ONLY TO
FACILITATE INTERACTIONWITH THE COMPUTER BUT TO PROVIDE AN
INSTANEOUS----
RTOP NO. 136-13-07 TITLE: GENERAL AERODYNAMIC RESEARCH TO PROVIDE
IMPROVED UNDERSTANDING OF VORTEX FLOWS
AND WAKE TURBULENCE
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L~ TELa 415-961-2280
TECHNICAL SUMMARY
THIS RESEARCH IS DIRECTED AT IMPROVING THE BASIC UNDERSTANDING
OF VORTEX FLOWS IN GENERAL AND AIRCRAFT WAKE TURBULENCE IN
PARTICULAR. THE OBJECTIVE IS TO PROVIDE IMPROVED paEDICTION METHODS
FOR VORTEX FLOWS, AND MEANS FOR ALLEVIATION OF THE HAZARDS ASSOCIATED
WITH WAKE TURBULENCE. THEORETICAL STUDIES WILL BE CONDUCTED ON THE
STABILITY AND DISSIPATION CHARACTERISTICS OF VORTEX FLOW.
EXPERIMENTAL STUDIES WILL BE CONDUCTED IN THE 7X10 FT. AND 40x80 FT.
WIND TUNNELS AND TOWING TANKS.
RTOP NO. 136-13-08 TITLE: OVERALL PERFORMANCE OF HIGH-SPEED AIRCRAFT
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: WASHINGTON, H. P. TEL. 805-258-3311
TECHNICAL SUMMARY
THIS RTOP WILL HAVE AS ITS PURPOSE THE CONTINUING EFFORT OF
DETERMINING THE PERFORMANCE CHARACTERISTICS OF FULL-SCALE HIGH-SPEED
AIRCRAFT USING VARIOUS NEW TECHNIQUES. THE RESULTS OBTAINED FROM THE
USE OF NEW AND VARIED TECHNIQUES WILL BE COMPARED WITH THE RESULTS OF
WIND-TUNNEL INVESTIGATIONS AND/OR THEORETICAL PREDICTIONS. THESE
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KINDS OF COMPARISONS WILL HELP IN RECOGNIZING WHEN NEW PREDICTION
METHODS ARE NEEDED TO AID IN PRELIMINARY ESTI~ATES. THIS RTOP IS
ALSO DESIGNED TO PROVIDE COVERAGE FOR THE FINAL ANALYSIS AND
REPORTING OF FLIGHT-TEST DATA ON PROJECTS AFTER THE FLIGHT~TEST
PROGRAM IS OVER.
RTOP NO. 136-14-01 TITLE: AERODYNAMIC LOADS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BOBBITT, P. J. TEL. 703-827-3561
TECHNICAL SUMMARY
INVESTIGATION OF LOADS AND PRESSURES USING BOTH ANALYTICAL AND
EXPERIMENTAL TECHNIQUES. ANALYTICAL TECHNIQUES WILL BE INTEGRATED
INTO COMPUTER PROGRAMS TO FACILITATE ANALYSES AND PARAMETRIC STUDIES
ON COMPONENTS OR THE ENTIRE VEHICLE. REFINED METHODS FOR PREDICTING
THE FLIGHT LOADS AND PRESSURES WILL BE INCORPORATED INTO THE PROGRAM
AS DEVELOPED. CONCURRENTLY, EXPERIMENTAL TECHNIQUES AND
INVESTIGATIONS WILL BE DEVELOPED USING SUCH ~ACILITIES AS WIND
TUNNELS, FULL-SCALE VEHICLES, AND DRONES TO ASSESS LOADS PROBLEMS,
VERIFY PREDICTION TECHNIQUES, AND INVESTIGATE DETAILS NOT READILY
ADAPTABLE TO THEORETICAL ANALYSIS.
RTOP NO. 136-14-02 TITLE: AEROELASTICITY
ORGANIZATION: LANGLEY RESEARCH CENTER.
MONITOR: LOFTIN, L. K. TEL. 703-827-3285
TECHNICAL SUMMARY
THIS RTOP IS INTENDED TO PROVIDE IMPROVEDCAPABILITY FOR
ANALYTICAL TREATMENT OF AEROELASTIC CHARACTERISTICS OF AIRCRAFT, WITH
PRIMARYEMPHASIS ON THE AREA OF FLUTTER. THE PRIMARY THRUST OF
IN-HOUSE EFFORTS WILL BE DIRECTED TOWARD THE DEVELOPMENT OF NEW OR
IMPROVED UNSTEADY AERODYNAMIC THEORY AND THE ACQUISITION OF ADVANCED
UNSTEADY AERODYNAMIC ANALYTICAL CAPABILITY AVAILABLE FROM
OTHERSOURCES. CONTR-ACT AND GRANT ACTIVITY RELATESTO
AEROELASTICANALYSIS INCLUDES DEVELOPMENT OF CAPABILITY TO BE COUPLED
TO THE NASTRAN STRUCTURAL ANALYSIS PROGRAM. THE NASTRAN AEROELASTIC
CAPIBILITY, IN ADDITION TO PROVIDING ADVANCED FLUTTER ANALYSIS
METHODS, WILL ALSO COVER SUCH AEROELASTIC PROBLEM AREAS AS AIRCRAFT
RESPONSE TO TURBULENCE AND ELASTIC EFFECTS ON STABILITY AND CONTROL.
OTHER GRANTS AND CONTRACTS WILL BE CONCERNED WITH DEVELOPMENT OF
ADVANCED UNSTEADY AERODYNAMIC METHODS AND STRUCTURAL OPTIMIZATION
WITH AERO ELASTIC RESTRAINTS. THE EFFORT WILL ALSO INCLUDE AN
IN-HOUSE PROGRAM FOR THE DEVELOPMENT OF EXPERIMENTAL TECHNIQUES OF
STUDYING TRANSiNICFIGHTER MANEUVERABILITY EMPLOYING DYNAMIC MODELS
ON THE LANGLEY TWO-CABLE MOUNT SYSTEM. RELATED AEROELASTIC TOPICS
SUCH AS APPLICATION OF ACTIVE CONTROLS FOR MODE SUPPRESSION,
MEASUREMENT OF UNSTEADY AERO~YNAMIC DERIVATIVES, AND DEVELOPMENT OF
EXPERIMENTAL TECHNIQUES WILL BE CONDUCTED UNDER VEHICLE-RELATED
RTOP'S SUCH AS SPACE SHUTTLE, V/STOL, AND SUPERCRITICAL TECHNOLOGY.
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RTOP NO. 136-14-02 TITLE: AEBOELASTICITY AND DYNAMIC LOADS
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
ALTHOUGH AIRCRAFT STRUCTURES ARE USUALLY DETERMINED BY THE
MAGNITUDE AND DISTRIBUTION OF THE STEADY STATE AERODYNAMIC FORCES,
OTHER FACTORS MUST BE CONSIDERED. FOR EXAMPLE, DISTORTION OF THE
AIRFRAME UNDER LOAD CAN INFLUENCE THE LOADING PATTERN IN A LARGE
DEGREE, AND UNSTEADY FORCES (SUCH AS BUFFET) MAY PROVE OF
CONSIDERABLE IMPORTANCE. ONE OBJECTIVE OF THIS RESEARCH PROGRAM IS
TO PROVIDE (VIA INDUSTRY CONTRACT) A COMPREHENSIVE ANALYSIS OF
AEROELASTICITY AS IT AFFECTS STATIC AND DYNAMIC STABILITY
DERIVATIVES. INCLUDED WILL BE A COMPUTER PROGRAM TO ALLOW RAPID
DETERMINATION JF AEROELASTIC EFFECTS. ANOTHER OBJECTIVE OF THE
PROGRAM IS TO STUDY, IN GREATER DETAIL THAN PAST RESEARCHES, THE
MECHANISM OF AIRCRAFT BUFFET, THE INTENSITY OF ITS INPUT TO THE
AIRFRAME, METHODS OF BUFFET ALLEVIATION, AND THE CONSEQUENCES OF
CONTINUING FLIGHT IN A BUFFET CONDITION. 1. THIS RTOP RECODED FROM
136-14-01 TO 136-14-02 BECAUSE OF EMPHASIS ON UNSTEADY LOADS. 2. 100K
OVERGUIDELINEFUNDING APPROVED TOWARD SUPPORT OF ITEMS (A) AND (B) OF
LINE 18 ON PAGE 6.
-RTOP NO. 136-14-02 TITLE: LOADS ALLEVIATION AND MODE SUPPRESSION
PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: KORDES, E. E. TEL. 805-258-3311
TECHNICAL SUMMARY
THIS STUDY IS DIRECTED TOWARD PRACTICAL SOLUTIONS TO IMPROVE
FATIGUE AND/OR SERVICE LIFT_ REDUCE FLIGHT LOADS, AND IMPROVE RIDE
QUALITIES OF LARGE FLEXIBLE VEHICLES. THE STUDY IS BASED ON THE USE
OF AUTOMATIC CLOSED-LOOP CONTROL SYSTEM TECHNIQUES TO ACTIVELY REDUCE
THE DYNAMIC RESPONSE OF THE TOTAL AIRFRAME DURING DYNAMIC
DISTURBANCES SUCH AS BUFFET AND TURBULENCE. THE PAST EFFORT WAS
CONDUCTED UNDER CONTRACT TO LCCKHEED AS A FEASIBILITY STUDY FOR
FLIGHT TESTING A SYSTEM ON THE YF-12 AIRPLANE, AND THE FINAL PROGRESS
REPORT ON THIS STUDY WAS SUBMITTED JULY 8, 1970.
RTOP NO. 136-14-03 ~ITLE: FLIGHT LOADS MEASUREMENT TECHNIQUES
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: JENKINS, J. M. TEL. 805-258-3311
TECHNICAL SUMMARY
PROBLEMS HAVE OCCURRED WHEN FLIGHT-LOADS MEASUREMENTS HAVE BEEN
REQUIRED ON AIRCRAFT WHICH ARE SUBJECT TO SIGNIFICANT AERODYNAMIC
HEATING. THE AERODYNAMIC HEATING OF FLIGHT STRUCTURES INDUCES
NONUNIFORM TEMPERATURE FIELDS THROUGHOUT THE STRUCTURE. THE
NONUNIFORM TEMPERATURE FIELDS LEAD TO LARGE INDUCED THERMAL STRESSES
WHICH ARE SENSED BY THE STRAIN GAGES. IF THE OBJECTIVE IS ,TO MEASURE
AERODYNAMIC LO~DS ONLY, THEN THE UNWANTED TEMPERATURES INDUCED
STRAIN-GAGE OUTPUTS MUST BE ACCOUNTED FOR AND DEDUCTED FROM FLIGHT
DATA. THIS OPERATION IS TO BE CONDUCTED BY GROUND-TEMPERATURE
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SIMULATION OF THE AERODYNAMIC HEATING, MEASURING THE THERMAL
RESPONSES OF THE STRAIN GAGES AND THEN UTILIZING THIS INFORMATION AS
A THERMAL CALIBRATION FOR CORRECTION PURPOSES. THIS GENERAL CONCEPT
IS CURRENTLY BEING EXPLORED UTILIZING THE YF-12 (A/C NO. 936) AS A
TEST BED. IN ADDITION TO THE THERMAL ASPECTS, DEFLECTION MEASURING
SYSTEMS FOR INFLIGHT USE ARE BEING INVESTIGATED USING THIS AIRCRAFT.
RTOP NO. 136-62-01 TITLE: HANDLING QUALITIES
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: REDIESS, H. A. TEL. 805-258~3311
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO STUDY AND DOCUMENT THE
RELATIONSHIP BETWEEN THE STABILITY AND CONTROL CHARACTERISTICS OF
AIRPLANES IN GENERAL AND THE PILOT'S ASSESSMENTS OF THE HANDLING
QUALITIES, THROUGH THE USE OF SIMULATORS (BOTH FIXED-BASED AND
AIRBORNE) AND THE ACTUAL AIRPLANES. EFFECTS OF TURBULENCE ON THE
FLYING AND RIDE QUALITIES WILL BE OF MAJOR CONCERN.
RTOP NO. 136-62-01 TITLE: HANDLING QUALITIES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K. TEL. 703-827-3285
TECHNICAL SUMMARY
TO STUDY A~ALYTICALLY AND BY THE USE OF FLIGHT SIMULATORS THE
HANDLING QUALITIES (ASSOCIATED WITH VEHICLE DYNAMICS AND CONTROL
EFFECTIVENESS) AND CONTROL SYSTEMS OF PROPOSED SUPERSONIC AND
TACTICAL AIRCRAFT AND OTHER AEROSPACE VEHICLES. TO DEVELOP COMPUTER
PROGRAMS WHICH IMPROVE CONTROL SYSTEM DESIGN PROCEDURES. TO INCLUDE
DIGITAL SIMULATIONS AND THEORETICAL ANALYSES OF THE AERIAL COMBAT
PROBLEM AND THE CONTROL OF AIRCRAFT IN TURBULENCE. ALL OF THESE
INVESTIGATIONS ARE DESIGNED,TO EXPAND FUNDAMENTAL KNOWLEDGE ON
AIRCRAFT HANDLING QUALITIES AS THEY ARE IMPORTANT TO THE ADVANCEMENT
OF AERODYNAMIC FLIGHT.
RTOP NO. 136-62-01 TITLE: HANDLING QUALITIES AND FLIGHT DYNAMICS
THEORY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
RESEARCH IS PLANNED IN TWO AREAS: THE FIRST IS CENTERED ON THE
MODELING OF TURBULENCE AND THE PREDICTION OF ITS EFFECT ON RIDE
QUALITIES. THE SECOND AREA CONCERNS THE EFFECTS OF STRUCTURAL
FLEXIBILITY. rHE STUDIES OF TURBULENCE ARE DIRECTED TOWARDS THE
MODELING OF TURBULENCE, AND PREDICTION OF ITS EFFECTS ON AIRPLANE
CONTROLLABILITY AND RIDE QUALITIES. A MORE REALISTIC (NON-GAUSSIAN)
MODEL OF ATMOSPHERIC TURBULENCE WILL BE DEVELOPED AS A RESULT OF
STUDIES AT THE UNIVERSITY OF WASHINGTON ON A GRANT FROM AMES. THIS
MODEL WILL INCLUDE THE EFFECTS OF DISTRIBUTED GUSTS TO ENHANCE THE
REALISM OF THE AIRPLANE RESPONSE IN ALL DEGREES OF FREEDOM. THIS
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MODEL WILL HAVE APPLICATION TO ALL AIRCRAFT, BUT WILL BE PARTICULARLY
IMPORTANT TO STOL AND LIGHT-WING-LOADING AIRCRAFT. THE
CONTROLLABILITY AND RIDE QUALITIES STUDIES ARE AIMED AT DEVELOPING
HANDLING AND RIDE QUALITIES CRITERIA FOR STOL AIRCRAFT WHEN OPERATING
IN TURBULENCE. PILOTED SIMULATOR STUDIES WILL BE MADE USING THE MOST
RECENTLY MEASURED DATA ON TURBULENCE AND WIND SHEAR IN THE VICINITY
OF AIRPORTS. A SEPARATE INVESTIGATION IS IN PROGRESS TO DETERMINE
THE EFFECT OF COCKPIT MOTIONS DUE TO STRUCTURAL FLEXIBILITY ON THE
PILOT'S ABILITY TO PERFORM CONTROL AND GUIDANCE TASKS. ANALYTICAL
TECHNIQUES ARE UNDER DEVELOPMENT FOR THE SYNTHESIS OF AUTOMATIC AND
MANUAL CONTROL SYSTEMS FOR LARGE FLEXIBLE AIRCRAFT WHERE THE PILOT
STATION w DUE T~ ITS DISTANCE FROM THE CENTER OF GRAVITY, WILL
EXPERIENCE EXAGGERATED OSCILLATION AMPLITUDES.
RTOP NO. 136-62-02 TITLE: DYNAMIC STABILITY AND CONTROL
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: REDIESS, H. A. TEL. 805-258-3311
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS EFFORT IS TO ADVANCE THE
FUNDAMENTAL KNOWLEDGE OF FLIGHT DYNAMICS AND TO EXPLOIT THIS
KNOWLEDGE TO DEVELOP METHODS FOR OPTIMIZING SPECIFIC FLIGHT CONTROL
OR PERFORMANCE GOALS AND TO IMPROVE FLIGHT TEST ANALYSIS TECHNIQUES.
ANALYTICAL STUDIES, COMPUTER SIMULATIONS AND FLIGHT TEST
INVESTIGATIONS ARE BEING PERFORMED BOTH IN-HOUSE AND UNDER RESEARCH
CONTRACTS AND GRANTS TO MEET THIS OBJECTIVE. THE RANGE OF COMMAND
RESPONSES OF AUGMENTED AEROSPACE VEHICLES THAT OPTIMIZES THE
PILOT-VEHICLE PERFORMANCE FOR SPECIFIC MISSIONS OR A SPECIFIC TASK
WITHIN A MISSIJN. THE MAIN EMPHASIS WILL BE TO INVESTIGATE CRITERIA
FOR DESIRED COMMAND RESPONSES THAT ARE MEANINGFUL TO THE SYSTEMS
DESIGNER AND NOT NEEDLESSLY RESTRICTIVE AS TO THE SYSTEM CONCEPT
EMPLOYED.
RTOP NO. 136~62-02 TITLE: DYNAMIC STABILITY AND CO~TROL
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE BROAD ~BJECTIVE IS TO EXPAND FUNDAMENTAL KNOWLEDGE OF THE
DYNAMIC STABILITY AND CONTROL CHARACTERISTICS OF AIRCRAFT, INCLUDING
SPINNING, AND TO DETERMINE THE EFFECTS OF THESE CHARACTERISTICS IN
TERMS OF PILOTING THE AIRCRAFT. SPECIFIC OBJECTIVES ARE TO
INVESTIGATE THE FUNDAMENTAL NATURE OF THE SPIN INCLUDING THE
DEVELOPMENT OF METHODS FOR THEORETICAL ANALYSIS, INCLUDING EXTRACTION
OF STABILITY DERIVATIVES FROM FLIGHT TEST DATA, AND TO INVESTIGATE
THE PROBLEMS PRODUCED BY OPERATION OUTSIDE THE NORMAL FLIGHT
ENVELOPE, AND BY DEVIATIONS FROM CONFIGURATION NORMS. THE METHODS OF
APPROACH INCLUDE WIND-TUNNEL FORCE TESTS, THEORETICAL ANALYSIS,
PILOTED SIMULATOR TESTS, AND rYNAMIC MODEL TESTS.
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RTOP NOe 136-62-03 TITLE: FLIGHT CONTROL SYSTEMS
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: BURKE v M. E. TEL. 805-258-3311
TECHNICAL SUMMARY
THE OVERALL OBJECTIVES OF THIS EFFORT ARE TO DESIGN, DEVELOP AND
FLIGHT TEST AN ADVANCED FLY-BY-WIRE FLIGHT CONTROL SYSTEM UTILIZING
DIGITAL COMPUTATIONAL ELEMENTS. THE SYSTEM FLIGHT TESTED IN PHASE 1
WILL CONSIST OF A PRIMARY SINGLE CHANNEL, THREE AXIS DIGITAL
MECHANIZATION WITH REDUNDANCY FROVIDED THROUGH MULTICHANNEL BACKUP
MODES WHICH ARE SIMPLE TRANSFER FUNCTIONS FOR COMMANDED SURFACE
POSITION. THE PRIMARY CHANNEL WILL UTILIZE AVAILABLE SPACE HARDWARE
FROM THE APOLLO PROGRAM. PHASE 2 WILL BE A MULTICHANNEL DIGITAL
SYSTEM v UTILIZING HARDWARE THAT IS MORE REPRESENTATIVE OF WHAT IS
AVAILABLE ON THE MARKET TODAY.
RTOP NO. 136-62-04 TITLE: GPAS DEVELOPMENT
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: PERRY, J. J. TEL~ 805-258-3311
TECHNICAL SUMMARY
TO DEVELOP THE GENERAL PURPOSE AIRBORNE SIMULATOR (GPAS)
HARDWARE IN SUPPORT OF THE FLIGHT DYNAMICS RESEARCH EFFORTS IN THE
IMPROVEMENT OF AIRCRAFT FLYING AND RIDE QUALITIES IN TURBULENCE.
INSTALL DIRECT LIFT CONTROL (DLC) AND SIDE FORCE GENERATOR (SFG)
CONTROLS THAT WILL BE USED IN ADDITION TO CONVENTIONAL CONTROL
SURFACES IN ORDER TO PROVIDE REALISTIC TURBULENCE SIMULATION IN THE
GPAS. INSTALL TURBULENCE MEASURING INSTRUMENTATION IN THE JETSTAR TO
RECORD THE JETSTAR'S RESPONSE TO LIGHT AND MODERATE TURBULENCE, AND,
IF FEASIBLE, INSTALL BALLAST SYSTEM TO ENABLE THE MEASUREMENT OF
THESE RESPONSES OVER A RANGE OF C.G. POSITIONS. INSTALL A PULSE CODE
MODULATION (PCM) DATA ACQUISITION SYSTEM (DAS) IN ORDER TO BE ABLE TO
DIGITALLY ANALYZE THE DATA FROM THE TURBULENCE PROGRAMS.
RTOP NO. 136-63-01 TITLE: AIRCRAFT OPERATIONAL SUPPORT
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: WHITESIDE, W. W. TEL. 805-258-3311
TECHNICAL SUMMARY
MAINTENANCE AND OPERATION ARE PROVIDED FOR ALL AIRCRAFT SYSTEMS
INCLUDING INSTRUMENTATION~ FOR THE FOLLOWING AIRCRAFT: #802 F8C,
#809 B-57B, #811 F-104N, #812 F-104N, #814 JETSTAR, #815 T-33A, #817
C-47H, #818 F-104A, #820 F-104A, AND #57-1303 F-104B. THESE EFFORTS
ARE ACCOMPLISHED MAINLY IN-HOUSE, WITH ASSISTANCE AS REQUIRED BY
SUPPORT PROVIDED BY THE MILITARY SERVICES AND BY CONTRACTORS. THIS
EFFORT IS REQUIRED TO PROVIDE FOR ADEQUATE PILOT PROFICIENCY, CHASE
AIRCRAFT SUPPORT, RAND D SUPPORT OF RESEARCH INVESTIGATIONS AND
GENERAL AIRCRAFT OPERATIONAL AND INSTRUMENTATION SUPPORT TO PERMIT
CONTINUATION OF A BROAD-BASED AIRCRAFT AND SPACE TECHNOLOGY PROGRAM.
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RTOP NO. 136-63-01 TITLE: AIRCRAFT OPERATIONAL SUPPORT
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: BEHEIM, M. A. TEL. 216-433-6374
TECHNICAL SUMMARY
LEWIS-BASED AIRCRAFT, INCLUDING RESEARCH AIRPLANES, CHASE
AIRPLANES AND TRANSPORTS MUST EE SERVICED AND MAINTAINED IN
FLIGHTWORTHY STATUS. MANPOWER AND FUNDING ESTIMATED FOR THIS PURPOSE
ARE ALLOCATED IN THIS RTOP.
RTOP NO. 136-63-01 TITLE: AIRCRAFT OPERATIONAL SUPPORT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN v L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
MAINTENANCE AND OPERATION OF AIRCRAFT FOR RESEARCH AND
DEVELOPMENT, PROFICIENCY, CHASE AND GENERAL RESEARCH AND DEVELOPMENT
SUPPORT.
RTOP NO. 136-63-01 TITLE: AIRCRAFT OPERATIONAL SUPPORT
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
RESEARCH FLIGHT INVESTIGATIONS ARE CONDUCTED USINGTHE FOLLOWING
TEST AIRCRAFT: CONVAIR 990; CONVAIR340; LEAR JET; T-33; UH-1B.
PROVISION TO BE MADE FOR MAINTENANCE AND OPERATING COSTS FOR THESE
AIRCRAFT.
RTOP NO. 136-63-02 TITLE: RESEARCH SUPPORT OF OTHER ORGANIZATIONS
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
WITH DUE CJNSIDERATION OF AVAILABLE MANPOWER, FUNDS, AND
OBLIGATIONS TOWARDS NASA RESEARCH AND PROJECTS, AMES SUPPORTS OTHER
GOVERNMENTAL AGENCY AND INDUSTRY PROGRAMS IN AERONAUTICS. THE
SUPPORT CONSISTS OF CON~ULTATION, ASSIGNMENT OF PERSONNEL TO ADVISORY
COMMITTEES OR BOARDS, AND THE CONDUCT OF TESTS IN WIND TUNNELS, OR
OTHER FACILITIES. THE MAJOR PORTION OF THIS EFFORT IS IN SUPPORT OF
THE DEPARTMENT OF DEFENSE ALTHOUGH THE ALLOTMENT OF TIME TO OTHER
GOVERNMENTAL AGENCIES (IN PARTICULAR, THE DEPARTMENT OF
TRANSPORTATION) HAS INCREASED CONSIDERABLY. IN GENERAL, MANPOWER AND
TEST TIME IS ALLOCATED ONLY WHEN THE NEED FOR SPECIAL UNIQUE
CAPABILITIES OF THE PERSONNEL OR THE EQUIPMENT IS EVIDENT, AND THE
REQUEST IS IN THE NATIONAL INTEREST. CURRENTLY THE FAA HAS REQUESTED
SUPPORT IN THE DEVELOPMENT OF IMPROVED CERTIFICATION CRITERION AND
SAFER METHODS FOR DEMONSTRATING COMPLIANCE FOR CERTAIN AIRCRAFT
TYPES. THESE INCLUDE SUPERSONIC TRANSPORT CONFIGURATiONS, WIDE BODY
JETS, AND STOL TRANSPORT AIRCRAFT. IN THE CASE OF THE STOL .
TRANSPORT, THESE CRITERION ARE A BIG FACTOR IN DEVELOPMENT OF A
COMMERCIAL STOL SYSTEM. THE ARMY HAS REQUESTED TESTS IN THE 40' X
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80' WIND TUNNEL TO DETERMINE THE STRUCTURAL CHARACTERISTICS REQUIRED
FOR AN INFLATABLE TENT IN HIGH WINDSo
RTOP NO. 136-63-02 TITLE: RESEARCH SUPPORT OF OTHER ORGANIZATIONS
ORGANIZATION: LANGLEY RESEARCE CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 70?-827-3285
TECHNICAL SUMMARY
THE NASA HAS A UNIQUE TEST CAPABILITY REPRESENTED AT THE LANGLEY
RESEARCH CENTER BY A NUMBER OF LARGER WIND TUNNELS AND OTHER
FACILITIES. THESE FACILITIES ARE USED TO PROVIDE SUPPORT TO OTHER
GOVERNMENT AGENCIES. INVESTIGATIONS ARE CONDUCTED AS REQUIRED AT THE
REQUEST OF THE COGNIZANT AGENCY; FOR EXAMPLE, FOR THE DOD IN THE
DEVELOPM~NT OF NEW MILITARY AIRCRAFT AND MISSILE SYSTEMS; AND FOR DOT
IN SUPPORT OF AIRCRAFT PROGRAMS AND HIGH-SPEED GROUND TRANSPORTATION.
THIS SUPPORT RTOP INCLUDES SPECIAL DOD SUPPORT FOR THE F-14, F-15 AND
B-1.
RTOP NO. 136-63-03 TITLE: UPDATING AND SUPPORT OF TEST
FACILITIES--HEAT FACILITY
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: SEFIC, W. J. TEL. 805-258-3311
TECHNICAL SUMMARY
AS PRESENT AND FUTURE VEHICLES REACH HIGHER~STRUCTURAL
TEMPERATURES, THE RELIABILITY OF PRESENT METHODS FOR DETERMINING THE
STRUCTURAL RESPONSES WILL DECREASE~ AND NEW AND DIFFERENT
CONFIGURATIONS AND MATERIALS WILL PRESENT MORE DIFFICULT PROBLEMS OF
LOAD AND STRESS DETERMINATION. THE HIGH TEMPERATURE LOADS
CALIBRATION LABORATORY IS BEING USED FOR STRUCTURAL TESTS, LOADS
CALIBRATIONS, AND DEFLEC~ON MEASUREMENTS OF PRESENT AND FUTURE
HIGH-PERFORMANCE VEHICLES. THE OBJECTIVES OF THIS TASK ARE TO
PROVIDE THE PROFESSIONAL AND TECHNICAL SUPPORT NECESSARY FOR THE
OPERATION OF THE FACILITY AND ITS SUPPORT EQUIPMENT. SUPPORT FOR THE
LABORATORY INVJLVES PLANNING AND SCHEDULING OF TESTS, DESIGN AND
FABRICATION OF TEST FIXTURES AND JIGS, INSTALLATION AND CHECKOUT OF
RADIANT HEATERS, LOADING AND INSTRUMENTATION EQUIPMENT, OPERATION OF
TEST AND DATA ACQUISITIDN EQUIPMENT, AND ACQUISITION, REDUCTION, AND
ANALYSIS OF MECHANICAL AND THERMAL-LOADS DATA. PROCUREMENT OF
NECESSARY MATERIALS AND EQUIPMENT IS ALSO REQUIRED AND INVOLVES
SPECIFICATION PREPARATION, PROPOSAL EVALUATION, AND TESTING FOR
VERIFICATION OF SPECIFICATIONS.
RTOP NO. 136-63-03 TITLE: UPDATING AND SUPPORT OF TEST FACILITIES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
A CONTINUOUS EFFORT IS REQUIRED TO MAINTAIN THE CAPABILITIES AND
OPERATIONAL EFFICIENCY OF EXISTING WIND TUNNEL AND STRUCTURAL TEST
FACILITIES VITAL TO CONTINUING NASA AND GOVERNMENT-WIDE RESEARCH AND
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DEVELOPMENT NEEDS. YEARLY MAINTENANCE AND REPAIR IS REQUIRED ON ALL
MAJOR ,TEST FACILITIES. INSTRUMENTATION MUST BE UPDATED TO INCREASE
THE QUALITY AND SCOPE OF THE TEST DATA OBTAINABLE. A MAJOR EFFORT IS
NOW IN PROGRESS TO PROVIDE ADVANCED DATA ACQUISITION, REDUCTION, AND
READOUT SYSTEMS. I~ ADDITION MAJOR RENOVATION AND REPlIR ARE
REQUIRED TO AUXILIARY EQUIPMENT SUCH AS COMPRESSORS, STING SUPPORT
SYSTEMS, AND HIGH PRESSURE AIR SYSTEMS. EQUIPMENT AND UPDATING
INCLUDE: A~ BLOCK I DATA ACQUISITION SYSTEMS FOR IRD, 7 X 10 HS,
V/STOL, ANDONITARY PLAN TUNNELS. B. WALLOPS SUPPORT IN THE lREAS
OF GUIDANCE RADAR, AND COMMUNICATIONS. SERVICE CONTRACTS FOR TOWER
OPERATION g RESCUE, AND WEATHER.
RTOP NO. 136-63-03 TITLE~ UPDATING AND SUPPORT OF TEST FACILITIES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
IN CONDUCTING AERONAUTICAL RESEARCH IN WIND TUNNELS IT IS
NECESSARY TO C!RRY ON A CONTINUOUS REVIEW OF THE EQUIPMENT AND
INSTRUMENTATIONEMPLOYED, AND ALSO THE TESTING TECHNIQUES, IN ORDER TO
MAINTAIN AND REPLACE ITEMS, AND IN ORDER TO INCORPORATE NEW EQUIPMENT
AND CONCEPTS lNTO THE OPERATICN WHENEVER THEY PROVE DESIRABLE. THE
INCREASING DEMAND FOR WIND TUNNEL TEST TIME, PARTICULARLY IN THE
TRANSONICSPEED RANGE, OBLIGATES WIND TUNNEL OPERATORS TO MAKE MAXIMUM
USE OF THE AVAILABLE TEST HOURS, RESULTING IN A CONSTANT SEARCH FOR
APPARATUS OR METHODS THAT WILL PRODUCE MORE DATA PER TEST HOUR.
ANOTHER AREA REQUIRING CONSTANT VIGILANCE IS THE ACCURACY OF THE TEST
RESULTS, INVJLVING SUCH MATTERS AS INTERFERENCE EFFECTS, BLOCKAGE,
FLOW FIELD CORRECTIONS, AND CHARACTERISTICS OF THE DATA SENSING AND
RECORDING EQUIPMENT. OF PARTICULAR IMPORTANCE IS THE NECESSITY OF
PROVIDING ON-LINE DATA PROCESSING AND DISPLAY FOR TESTS INVOLVING
POTENTIALLY DANGEROUS SITUATIONS (E.G., TESTS OF ROTOR DYNAMIC
STABILITY AND LOADS, FLUTTER, ETC.). THE FULL CAPABILITIES OF MODERN
DATA PROCESSIN~ AND DISPLAY TECHNIQUES SHOULD BE UTILIZED IN THESE
SITUATIONS TO AVOID COSTLY FAILURES AND DAMAGE TO FACILITIES.
RTOP NO. 136-63-04 TITLE: UPGRADING AND SUPPORT OF SIMULATION
FACILITIES
ORGANIZATION: AMES RESEARCH CENTER
MONITOP: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
RESEARCH ON FLIGHT DYNAMICS PROBLEMS IN SIMULATOR FACILITIES
REQUIRES CONTINUOUS EFFORTS IN RE-CONFIGURING AND UPGRADING
SIMULATORS; IMPROVING COMPUTATIONAL CAPABILITIES; AND PROVIDING
ADDITIONAL CUES AND IMPROVED CUE FIDELITY AS DICTATED BY THE VARIOUS
RESEARCH PROGRAM REQUIREMENTS. THIS RTOP PROVIDES FOR THE
PROCUREMENT OF SPECIAL PURPOSE COMPUTERS AND PERIPHERAL EQUIPMENT;
THE DEVELOPMENr AND PROCUREMENT OF COMPUTER SOFTWARE; THE DEVELOPMENT
AND/OR PROCUREMENT OF MOTION, VISUAL, AURAL, AND FEEL SYSTEMS AND
COMPONENTS; AND THE DEVELOPMENT AND PROCUREMENT OF INSTRUMENTATION
AND DATA ACQUISITION SYSTEMS. THIS RTOP ALSO PROVIDES FOR THE
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MAINTENANCE AND MODIFICATION OF FLIGHT SIMULATION FACILITIES.
FUNDING FOR CONTRACT SUPPORT SERVICES NOT INCLUDED IN THIS RTOP.
RTOP NO. 136-63-04 TITLE: SIMULATOR OPERATION AND UPDATING
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K. v JR. TFL. 703-821-3285
TECHNICAL SUMMARY
TO SUPPORT INVESTIGATION OF PROPOSED FLIGHT VEHICLE DESIGNS AND
MODIFICATIONS, AND TO INDICATE THE DIRECTION OF FUTURE AERODYNAMIC
RESEARCH, THROUGH SIMULATION RESEARCH. TO ADVANCE SIMULATION
TECHNOLOGY THRJUGH CORRELATION OF FLIGHT AND SIMULATION RESULTS v AND
TO UPDATE EXISTING FACILITIES. THE DIFFERENTIAL MANEUVERING
SIMULATOR WILL PROVIDE A UNIQUE CAPABILITY FOR STUDYING A WIDE RANGE
OF AERONAUTICAL AND SPACE-ORIENTED PROBLEMS WHICH INVOLVE THE
RELATIVE MOTION OF TWO VEHICLES. PLANNED INVESTIGATIONS CONSIST OF
STUDIES OF REQUIRED CHARACTERISTICS OF HIGH PERFORMANCE AIRCRAFT,
AIRCRAFT MANEUVERING AND AIRCRAFT COLLISION AVOIDANCE.
RTOP NO. 136-63-04 TITLE: SIMULATOR OPERATION AND UPGRADING
ORGANIZATION; FLIGHT RESEARCH CENTER
MONITOR: SMITH, J. P. TEL. 805-258-3311
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO PROVIDE AND OPERATE THE
GROUND-BASED SIMULATION FACILITIES REQUIRED FOR SUPPORT OF FLIGHT
DYNAMICS RESEARCH. THIS EFFORT WILL BE ACCOMPLISHED BY THE ANALYSIS
OF PROGRAM REQGIREMENTS g AND THE DESIGN g DEVELOPMENT~ CONSTRUCTION,
MAINTENANCE AND REPAIR OF THE NECESSARY GROUND-BASED SIMULATION
FACILITIES AND EQUIPMENT.
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RTOP NO. 142-73-01 TITLE: ADVANCED TRANSPORT TECHNOLOGY: PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: BEHEIM, Mo A. TEL. 216-433-4000
TECHNICAL SUMMARY
THE NASA HAS INITIATED AN EFFORT TO EVALUATE THE APPLICATION OF
ADVANCED TECHNOLOGY TO THE IMPROVEMENT OF FUTURE COMMERCIAL TRANSPORT
AIRCRAFT. A DESIRABLE FEATURE OF SUCH AN AIRCRAFT IS TO HAVE ENGINES
WHICH ARE CLEANER AND QUIETER THAN THOSE PRESENTLY AVAILABLE. THESE
ENGINES MUST ALSO BE INTEGRATED PROPERLY WITH THE AIRFRAME TO PROVIDE
MAXIMUM ECONOMIC RETURN TO THE USER. THE PROJECT LEAD CENTER FOR THE
SYSTEM STUDIES IS LANGLEY, AND LEWIS WILL BE RESPONSIBLE FOR THE
PROPULSION SYSTEM STUDIES. IN THE LEWIS EFFORT THE INITIAL
REQUIREMENT IS TO DEFINE THE PROPULSION SYSTEM CHARACTERISTICS WHICH
ARE DESIRED FOR AN ADVANCED CCMMERCIAL TRANSPORT BY MEANS OF IN-HOUSE
AND CONTRACT EFFORT. THE REQUIREMENTS RELATED TO CRITICAL AREAS SUCH
AS NOISE, POLLUTION q AIRFRAME INTEGRATION, AND COMPONENT PERFORMANCE
WILL BE IDENTIFIED, AND FURTHER RESEARCH WILL BE CONDUCTED IN EACH OF
THESE AREAS TO PROVIDE THE TECHNOLOGY BASE FOR THESE FUTURE ENGINES.
IN THE EVENT THAT THE LANGLEY AIRFRAME STUDIES INDICATE THE NEED FOR
AN EXPERIMENTAL AIRCRAFT, THE APPROPRIATE ENGINE WILL BE DEFINED WITH
THESE RESULTS.
STOP NO. 142-13-01 TITLE: ADVANCED TRANSPORT TECHNOLOGY:
FUNtAMENTAL TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: TOLL, To A. TELo 103-827-3831
TECHNICAL SUMMARY
THE BASIC JBJECTIVE OF THIS RTOP IS TO EXPEDITE THE TECHNOLOGY
ADVANCES THAT WILL MOST LIKELY PERMIT DEVELOPMENT OF A SUPERIOR
NEXT-GENERATION LONG-HAuL TRANSPORT AIRCRAFT IN TERMS OF PERFORMANCE,
ECONOMICS, SAFETY, AND COMFORT WHILE ATTAINING ACCEPTABLE LEVELS OF
NOISE AND POLLITTANT EMISSIONS. FORMULATION OF THE IN-HOUSE AND
CONTRACT ACTIVITIES WAS BASED ON THE FOLLOWING GUIDELINES: (1)
PROVIDE REQUIRED INPUTS TO CURRENT CONTRACTOR TRADE STUDIES OF THE
APPLICATION OF ADVANCED TECHNOLOGIES TO LONG-RANGE TRANSPORT
AIRCRAFT; (2) I NITIAT E AN EARLY, BALANCED, AND ACCEL ERA TED TECHNOLOGY
DEVELOPMENT IN AREAS SELECTED AS PARTICULARLY PROMISING ON THE BASIS
OF PRELIMINARY FINDINGS IN THE CONTRACTOR TRADE STUDIES; AND (3)
EXPEDITE RESEARCH IN AREAS THAT ARE CLEARLY PROBLEM AREAS FOR A HIGH
SUBSONIC-SPEED AIRCRAFT.
RTOP NO. 742-13-02 TITLE: SUPERCRITICAL WING PROGRAM - FLIGHT
RESEARCH
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: MCTIGUE, J. G. TEL. 805-258-3311
TECHNICAL SUMMARY
THE SUPERCRITICAL WING WAS DELIVERED ON NOVEMBER 3, 1970 TO THE
NASA FRC. UPON DELIVERY PROOF LOAD AND GROUND VIBRATION TESTS WERE
PERFORMED. AT THE COMPLETION OF THESE TESTS FINAL ASSEMBLY TO THE
FUSELAGE WAS ACCOMPLISHED AND THE STABILITY AND LOADS INSTRU8ENTATION
WAS COMPLETED. THE INITIAL FLIGHT WAS PERFORMED ON MARCH 9, 1910
WITH 6 ADDITIONAL FLIGHTS PERFORMED TO DATE. THESE FLIGHTS HAVE BEEN
DIRECTED TOWARD EVALUATING THE STABILITY HANDLING QUALITIES, FLUTTER
BOUNDRIES AND LOADS WITHIN A FLIGHT ENVELOPE TO M=0.95 AND AN
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ALTITUDE OF 40,000 FEET. THE AIRPLANE WILL BE REMOVED FROM FLIGHT
STATUS BEGINNING IN THE LATTER PART OF MAY FOR APPROXIMATELY SIX
WEEKS. THIS PERIOD WILL BE USED TO COMPLETE THE INSTALLATION OF THE
PERFORMANCE AND PRESSURE DISTRIBUTION INSTRUMENTATION AND ASSOCIATED
GROUND TESTS PERTINENT TO THE NEXT PHASE.
RTOP NO. 142-13-02 TITLE: ADVANCED TRANSPORT TECHNOLOGY:
EXPLORATORY FLIGHT VEHICLES
ORGANIZATION: LANGLEY RESEARCH CENTER:
MONITOR: TOLL, T. A. TELo 703-827-3285
TECHNICAL SUMMARY
THE FLIGHT VEHICLES SUPPORTED BY THIS RTOP ARE DESIGNED TO
DETERMINE THE EXTENT OF IMPROVEMENTS IN AIRCRAFT CRUISE PERFORMANCE
AND BUFFET CHARACTERISTICS IN THE TRUE FLIGHT ENVIRONMENT (INCLUDING
THE INFLUENCE ~F FULL-SCALE REYNOLDS NUMBERS AND
PRACTICAL-CONSTRUCTION METHODS) v AND TO PROVIDE A BASIS FOR
CORRELATION WIrH WIND-TUNNEL RESULTS. ADDITIONAL EXPLORATORY FLIGHT
VEHICLES TO FURTHER DEVELOP THE SUPERCRITICAL AERODYNAMIC TECHNOLOGY
AND TO INVESTIGATE OTHER DISCIPLINARY TECHNOLOGY ADVANCES RELATING TO
ADVANCED TRANSPORT TECHNOLOGY CONCEPTS WILL BE STUDIED. CURRENT
ACTIVE PROGRAMS INCLUDE: T-2C, EQUIPPED WITH THE 17 PERCENT-THICK
SUPERCRITICAL WING: FLYING AND HANDLING QUALITIES CHARACTERISTICS
AND DETAILED WING BOUNDARY-LAYER SURVEYS IN THE PRESENCE OF THE WING
SHOCK WAVE. F8-1, WITH A TRANSPORT-TYPE SUPERCRITICAL WING:
PROOF-OF-CONCEPT FLIGHT TESTS AT FRC TO DEFINE THE FLIGHT ENVELOPE,
PERFORMANCE AND FLYING AND HANDLING QUALITIES CHARACTERISTICS, AND
THE WING LOADS AND THEIR DISTRIBUTION. DIRECT LANGLEY SUPPORT WILL
BE PROVIDED IN THE FORM OF ANALYSIS OF SELECTIVE FLIGHT DATA, AND THE
APPLICATION OF AERODYNAMIC IMPROVEMENTS SUCH AS PROVIDING A NEW SET
OF FUSELAGE FAIRINGS TO INCREASE THE DRAG DIVERGENCE MACH NUMBER OF
THE AIRCR AFT.
RTO~ NO. 142-73-03 TITLE: ADVANCED TRANSPORT TECHNOLOGY: SYSTEMS
STUDIE S
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: TOLL, T. A. TEL. 703~827-3285
TECHNICAL SUMMARY
THIS RTOP COVERS THE CONTINUATION OF STUDIES WHICH WILL IDENTIFY
THE ADVANCED TECHNOLOGY APPLICABLE TO THE NEXT GENERATION, LONG HAUL,
TRANSPORT AIRCRAFT SYSTEMS AND DETERMINE HOW THESE ADVANCEMENTS CAN
BEST BE EXPLOITED TO IMPROVE SUCH CHARACTERISTICS AS PERFORMANCE,
ECONOMICS AND PASSENGER APPEAL AND ALSO THOSE CHARACTERISTICS SUCH AS
NOISE, POLLUTIJN, ETC., WHICH INTERACT WITH THE SOCIAL COMMUNITY.
IN-HOUSE AND CONTRACTUAL SYSTEM STUDIES WILL EVALUATE ADVANCED
TECHNOLOGY IN AERODYNAMICS, PROPULSION, STRUCTURES, MATERIALS, FLIGHT
CONTROLS AND AVIONICS IN ORDER TO: DEFINE THE ADVANTAGES ACHIEVABLE
BY APPLYING THE ADVANCEMENTS CONCEIVED FOR THE 1975 TO 1985 TIME
PERIOD; DEFINE THE STATE OF READINESS AND HIGH RISK AREAS AND DEFINE
ACTIONS NECESSARY TO RESOLVE THESE HIGH RISK AREAS. THESE SYSTEM
STUDIES WILL BE SUPPORTED BY DATA GENERATED IN COMPLEMENTARY PROGRAM
ELEMENTS UNDER LANGLEY RESEARCH CENTER, FLIGHT RESEARCH CENTER, LEWIS
RESEARCH CENTER, AND AMES RESEARCH CENTER RTOP'S COVERING FUNDAMENTAL
TECHNOLOGY, EXPLORATORY FLIGHT RESEARCH, PROPULSION, WIND-TUNNEL
MODEL TESTS AND SIMULATION.
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RTOP NO. 760-71-01 TITLE: GENERAL AVIATION AERODYNAMIC AND
STABILITY CHARACTERISTICS
ORGANIZATION: LANGLEY RESEARCH CENTER ..
MONITOR: LOFTIN u L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP THE TECHNOLOGY NECESSARY TO EFFECT
AN OVERALL IMPROVEMENT IN THE AERODYNAMIC AND STABILITY AND CONTROL
CHARACTERISTICS OF THE GENERAL AVIATION CLASS OF AIRPLANES. THIS
WILL BE DONE BY MEANS OF ANALYTICAL STUDIES, FLIGHT TESTS AND BOTH
FULL-SCALE AND SMALL-SCALE WIND-TUNNEL TESTS OF REPRESENTATIVE
AIRCRAFT AND OF CONFIGURATION CHANGES DESIGNED TO IMPROVE THESE
CHARACTERISTICS.
RTOP NO. 760-71-02 TITLE: SUMMARY OF RESEARCH APPLICABLE TO GENERAL
AVIATION AIRCRAFT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827 3285
TECHNICAL SUMMARY
AVAILABLE INFORMATION PERTINENT TO GENERAL AVIATION AIRCRAFT HAS
BEEN ASSEMBLED, REVIEWED, AND SUMMARIZED. AN ANALYSIS WILL BE MADE
OF RESEARCH RESULTS AVAILABLE FOR PREDICTION OF AIRCRAFT STALLING
CHARACTERISTICS, HANDLING QUALITIES, PROPELLER PERFORMANCE, GUST AND
MANEUVER LOADS, ETC.
RTOP NO. 760-71-03 TITLE: HANDLING QUALITIES AND FLIGHT
CHARACTERISTICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827 3285
TECHNICAL SUMMARY
THE OBJECTIVES ARE (1) TO STUDY FACTORS AFFECTING FLIGHT SAFETY,
AND (2) TO IMPROVE THE LEVEL OF SAFETY THROUGH ANALYSIS, WIND-TUNNEL
STUDIES, AND FLIGHT INVESTIGA~IONS OF VARIOUS MEANS FOR SIMPLIFYING
THE PILOTING TASK FROM TAKE-OFF THROUGH TO LANDING. •
RTOP NO. 760-71-04 TITLE: AVIONICS FOR GENERAL AVIATION AIRCRAFT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JRv TEL. 703-827 3285
TECHNICAL SUMMARY
CONTRIBUTIJNS WILL BE MADE TO GENERAL AVIATION FLIGHT SAFETY,
AIR TRAFFIC FLOW, AIRCRAFT HANDLING QUALITIES, AND REDUCTION OF PILOT
WORKLOAD THROUGH THE INVESTIGATION, ANALYSIS, AND EVALUATION OF
AVIONIC CONCEPrS, SYSTEMS APPROACHES, AND TECHNOLOGY. TO THIS END,
FLUIDIC "WING-LEVELER" TYPE STABILITY AUGMENTATION SYSTEMS WILL BE
DEVELOPED. MErHODS OF AFFECTING MODIFICATION OF ALTIMETERS IN
CURRENT USE WILL' BE DEVELOPED TO PROVIDE ALTITUDE DATA TO AIR TRAFFIC
CONTROL (ATC) rRANSPONDERS. ANALYTICAL STUDIES, SIMULATIONS, AND
HARDWARE EVALUATION WILL ESTABLISH THE TECHNICAL FEASIBILITY OF
PARTICIPATION BY GENERAL AVIATION IN A TIME-ORDERED SYSTEM CONCEPT
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WHICH INCLUDES NAVIGATION, SEPARATION ASSURANCE u DATA LINK~ AND
COLLISION AVOIDANCE. THE PRACTICAL REALIZATION OF THESE GOALS IS
DEPENDENT UPON THE EVENTUAL COST TO THE GENERAL AVIATION AIRCRAFT
OWNER; THEREFORE Q EMPHASIS WILL BE ON THE POTENTIAL FOR LOW
IMPLEMENTATION COST.
RTOP N04 760~71-05 TITLE~ GENERAL AVIATION COCKPIT PROTECTION
ORGANIZATION~ LANGLEY RESEARCH CENTER
MONITOR: LOFTIN. L. K. TEL. 703-827 3285
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE BASIC TECHNOLOGY DATA FOR IMPROVED
ACOUSTICAL ENVIRONMENT WITHIN THE COCKPIT AND COCKPIT CRASH
PROTECTION (FIRE PROTECTION AND IMPACT ATTENUATION) FOR GENERAL
AVIATION AIRCRAFTu AN ACOUSTICAL PERFORMANCE EVALUATION WILL BE MADE
OF FIRE PROTECrION MATERIALS SUCH AS POLYISOCYANURATE FOAM USING
REPRESENTATIVE GENERAL AVIATICN AIRCRAFT WILL BE MODIFIED TO OBTAIN
COCKPIT SOUND LEVEL MEASUREMENTS AND EXPERIENCE IN APPLICATION OF THE
PROTECTIVE MATERIALQ TESTS OVER A PERIOD OF TIME WILL DETERMINE
WHETHER THE INSTALLED MATERIAl DEGRADES WITH US Eo IT IS ALSO PLANNED
TO DETERMINE THE IMPACT ATTENUATION PROPERTIES OF THE PROTECTIVE
MATERIAL.
RTOP NO. 760-71-06 TITLE: GENERAL AVIATION PILOTING AND FLIGHT
SAFETY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN~ L. Ko TELo 703-827 3285
TECHNICAL SUMMARY
FLIGHT STUDIES WILL BE PERFORMED TO EXAMINE PILOTING PERFORMANCE
INVOLVED IN THE OPERATION OF GENERAL AVIATION AIRCRAFT AND TO DEFINE
THE RELATED MAN-MACHINE PROBLEM AREAS AFFECTING FLIGHT SAFETY.
EVALUATION OF NEW TECHNIQUES AND ADVANCED CONCEPT FOR DEVICES AND
DISPLAYS TO IMPROVE PILOT PERFOBMANCE AND AIRCRAFT FLIGHT
CHARACTERISTICS WILL BE CARRIED OUTo FLIGHT TESTS INVOLVE BOTH
RESEARCH AND PRIVATE PILOTS OPERATING AIRCRAFT g PREDOMINATELY OF THE
LIGHTPLANE CATEGORY, FROM TYPICAL AIRFIELDS. STUDIES INCLUDE THE
EVALUATION OF HANDLING QUALITIES AND FLIGHT CHARACTERISTICS OF THE
AIRCRAFT INVOLVED WITH PARTICULAR EMPHASIS PLACED ON THE LANDING AND
TAKE-OFF PHASES OF FLIGHT. GROUND-BASED AND AIRBORNE INSTRUMENTATION
WILL OBTAIN MEASUREMENTS FROM BOTH THE AIRPLANE AND THE PILOT.
CORRELATION OF FLIGHT TEST MEASUREMENTS AND EXPERIENCE WITH THOSE
OBTAINED WITH A GROUND-BASED FLIGHT SIMULATOR WILL BE CARRIED OUT TO
HELP IN THE DEVELOPMENT AND EVALUATION OF ADDITIONAL PILOT HANDLING
QUALITIES CRITERIA INTENDED TO IMPROVE THE FLIGHT SAFETY OF GENERAL
AVIATION.
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RTOP NO. 760-71-07 TITLE: GENERAL AVIATION FLIGHT DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961 2280
TECHNICAL SUMMARY
FLIGHT INVESTIGATIONS ARE CURRENTLY UNDERWAY TO DEVELOP NEW
TECHNOLOGY THAr CAN IMPROVE THE SAFETY AND UTILITY OF GENERAL
AVIATION AIRCRAFT. SPECIFICALLY, USE OF WING SPOILERS FOR APPROACH
AND LANDING FLIGHT PATH CONTRCL AND THE USE OF THE LEARJET AIRCRAFT
TO ASSESS WAKE AND ATMOSPHERIC TURBULENCE EFFECTS ARE DIRECTED TOWARD
THE GOAL OF IMPROVED FLIGHT SAFETY. WING-SPOILERS ARE CURRENTLY
UTILIZED IN A FLIGHT STUDY UTILIZING A TYPICAL LOW-WING, GENERAL
AVIATION AIRCRAFT AND ARE PLANNED TO BE STUDIED UTILIZING A TYPICAL
HIGH-WING, GENERAL AVIATION AIRCRAFT WITH A HIGHER-THAN-AVERAGE WING
LOADING. THE LEARJET AIRCRAFT IS EQUIPPED WITH INSTRUMENTATION FOR
VALIDATING ATMaSPHERIC TURBULENCE MODELS AS THEY APPLY TO GENERAL
AVIATION AIRCRAFT AND TO SURVEY TRAILING VORTICES RESPONSIBLE FOR
WAKE TURBULENCE UPSETS.
RTOP NO. 760-72-01 TITLE: V/STOL AERODYNAMICS AND PRELIMINARY
DESIGN STUDIES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THIS RTOP COVERS ALL V/STOL AERODYNAMIC RESEARCH AND AIRPLANE
DESIGN STUDIES NOT DIRECTLY CCNNECTED WITH THE AUGMENTOR WING
CONCEPT, LIFT FAN AIRCRAFT p OR EXTERNALLY BLOWN FLAP CONCEPT.
INCLUDED IS RESEARCH ON PROPULSIVE FLAPS SUCH AS SMALL FANS IN
BIPLANE FLAP SYSTEMS p AND LOW PRESSURE JET FLAPS. STUDIES OF
PROPELLER POWERED STOLCONFIGURATIONS ARE COMPLETED EXCEPT FOR
PUBLICATIONS~ SOME WORK ON V/STOL PROPELLERS HAS BEEN CONDUCTED IN
SUPPORT OF THE AIR FORCE. WOEK ON JET LIFT V/STOL IS COMPLETED
EXCEPT FOR REPaRTING. A STUDY o~ THE APPLICATION OF V/STOL
TECHNOLOGY TO THE AIR TAXI AND BUSINESS AIRCRAFT MARKET WILL BEGIN IN
FY 19720 THIS STUDY IS INTENDED TO DEFINE RESEARCH REQUIREMENTS FOR
THIS TYPE OF AIRCRAFT.
RTOP NOo 760~72-01 TITLE: V/STOL AERODYNAMICS AND PRELIMINARY
DESIGN STUDIES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, Lo K. g JR. TELa 703-827-3285
TECHNICAL SUMMARY
THE BASIC RESEARCH OBJECTIVE IS TO DEVELOP THE TECHNOLOGY
REQUIRED FOR IMPROVED PERFORMANCE AND STABILITY AND CONTROL OF STOL
AND V/STOL AIRCRAFT CONFIGURATIONS THAT WOULD HAVE APPLICATION IN
CIVIL AND MILIrARY AIR TRANSPORT AND IN MILITARY AGGRESSIVE AND
DEFENSE MISSIONS. INCLUDED IN THIS RESEARCH IS THE DEVELOPMENT OF
IMPROVED EXPERIMENTAL AND ANALYTICAL METHODS FOR ACQUIRING VEHICLE
DESIGN INFORMArION AND THE CONSIDERATION OF OPERATIONAL REQuiREMENTS
THAT WILL INFLUENCE THE ACHIEVEMENT OF DESIRABLE AERODYNAMIC
CHARACTERISTICS. AERODYNAMIC STUDIES OF MODELS OF PROMISING STOL AND
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V/STOL CONCEPTS (EXCLUSIVE OF ROTORCRAFT g LIFT-FAN V/STOL g AND
JET-AUGMENTOR-WING CONCEPTS) WILL BE CONDUCTED IN APPROPRIATE WIND
TUNNELS g AND WILL INCLUDE DETERMINATION OF THE OPTIMUM INTEGRATION OF
THE AIRFRAME AND THE POWERED-LIFT SYSTEH g AS WELL AS METHODS FOR THE
ALLEVIATION OF ADVERSE GROUND EFFECTS. DYNAMIC STABILITY
CHARACTERISTICS OF THE MOBE PROMISING CONCEPTS WILL BE DETERMINED~
SUPPORTING ANALYTICAL STUDIES WILL BE CARRIED OUT g IN~HOUSE AND UNDER
CONTRACTc EXPERIMENTAL AND ANALYTICAL STUDIES (INCLUDING THOSE UNDER
UNIVERSITY GRANTS) WILL BE CONTINUED TO IMPROVE THE UNDERSTANDING OF
TUNNEL WALL EFPECTS AND MEANS OF MINIMIZING THEMe ESPECIALLY FOR
V/STOL MODELS. IN-HOUSE AND CONTRACT STUDIES OF EFFECTS OF VARIOUS
OPERATIONAL CONSIDERATIONS ON VEHICLE DESIGN WILL BE CONTINUED~
RTOP NO. 760-72-02 TITLE: V/S!OL VEHICLE NOISE REDUCTION
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS q L. TELQ 415-961~2280
TECHNICAL SUMMARY
THIS DOCUMENT COVERS NOISE REDUCTION RESEARCH THAT IS AIRCRAFT
CONFIGURATION OR AIRFRAME ORIENTED. A PART OF THIS TASK INCLUDES
VERIFICATION OF WIND TUNNEL NOISE MEASUREMENTS. NOISE GENERATED BY
THE OV-10 AND XV-5 WILL BE MEASURED IN THE WIND TUNNEL AND IN FLIGHT.
DEVELOPMENT OF THE WIND TUNNEl NOISE MEASUREMENT TECHNIQUE WILL
ALLOW EVALUATI)N OF FLYOVER NeISE PRIOR TO THE EXISTANCE OF AN
AIRCRAFT AND MAKE DESIGN FOR LOW FLYOVER NOISE FEASIBLE~ THE
RESEARCH EFFORT FALLS INTO TWO AREAS o ONE IS THE DOCUMENTATION OF THE
SIDELINE NOISE, FLYOVER NOISE y AND INSTALLED NOISE OF V/STOL
CONFIGURATIONS. LARGE SCALE MCDELS g DESIGNED FOR THE 40- BY 80-FOOT
WIND TUNNEL u USE ACTUAL POWER PLANTS AND ACT AS THE NOISE GENERATORS
FOR THIS TASK. SIDELINE NOISE MEASUREMENTS ARE MADE WITH THE
AIRCRAFT MODEL LOCATED ON THE GROUND SIMILAR TO THE BEGINNING OF THE
TAKE-OFF GROUND ROLL~ FLYOVEF NOISE MEASUREMENTS ARE MADE IN THE 40-
BY 80-FOOT WIND TUNNEL TO SIMULATE THE EFFECT OF FORWARD SPEED AND
THE DIFFERENT DIRECTIONALITY. THIS WORK IS IN PROGRESS FOR THE
AUGMENTOR WING u EXTERNALLY BLOWN FLAP g AND LIFT FAN AIRPLANE
CONCEPTS. EVENTUALLY, IT IS PLANNED TO STUDY AIRCRAFT CONFIGURED TO
REDUCE NOISE. ANOTHER AREA OF THIS RESEARCH IS ON AIRPLANE
COMPONENTS OR THE NOISE PRODUCING FLOW MECHANISMS. THIS INCLUDES
RESEARCH TO REDUCE THE NOISE OF THE THRUST AUGMENTORS ON THE
AUGMENTOR WING, THE INSTALLED NOISE OF LIFT FANS, THE "SCRUBBING
NOISE" ASSOCIATED WITH THE EXTERNALLY BLOWN FLAP, AND THE ROTATIONAL
NOISE OF PROPELLERS AND ROTORS. RESEARCH TO REDUCE AUGMENTOR NOISE
AND THE INSTALLED NOISE OF LIFT FANS IS IN PROGRESS. WORK WITH
SERRATED LEADING-EDGES TO REDUCE ROTATIONAL NOISE IS CONTINUING.
RTOP NO. 760-72-03 TITLE: V/STOL FLIGHT DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K.~ JR~ TEL. 703-827-3285
TECHNICAL SUMMARY
V/STOL AIRCRAFT HAVE THE POTENTIAL FOR SAFE FOUL-WEATHER
OPERATION, EVEN INTO SMALL AREAS AS ON TO ROOFTOPS IN CONGESTED
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LOCATIONS. TACTICAL V/STOL AIRCRAFT c BOTH JET AND ROTOR TYPES w HAVE
THE POTENTIAL FOR USE OF THEIR VERTICAL-LIFT CHARACTERISTICS IN
TACTICAL OPERArIONS TO ENHANCE MISSION CAPABILITYe CONVENTIONAL
OPERATING TECHNIQUES g CURRENT MANEUVER LIMITATIONS g CURRENTLY
AVAILABLE INSTRUMENTATION AND GUIDANCE PRACTICES g AND THE GENERAL
FLIGHT CHARACTERISTICS OF EXISTING V/STOL VEHICLES DO NOT PRESENTLY
PERMIT ADEQUATE REALIZATION OF THESE POTENTIALS. THE RESEARCH
PROJECTS WILL PROVIDE THE BACKGROUND KNOWLEDGE NEEDED TO ESTABLISH
V/STOL OPERATIJNAL REQUIREMENTS WITH RESPECT TO THE AIRCRAFT CONTROL
AND STABILITY g FLIGHT-CONTROL SYSTEM CHARACTERISTICS~ MANEUVER
ENVELOPES AND LIMITATIONS g GUIDANCE INFORMATION, COCKPIT DISPLAYS g
AIRSPACE REQUIREMENTS g PILOTING TECHNIQUES AND WORKLOADSe PARTICULAR
EMPHASIS WILL BE ON THE OPERATIONAL REQUIREMENTS FOR CONVERSION FROM
WINGBORNE TO PJWERED-LIFT FLIGHT AND IN-FLIGHT DECELERATION TO LOW
TOUCHDOWN SPEEDS OR HOVER DURING PRECISION-GUIDED INSTRUMENT
APPROACHES TO rHE LANDING AREA AND IN IMPROVING THE ABILITY TO
PREDICT AND REALIZE SATISFACTORY MANEUVER ENVELOPES AS DICTATED BY
OPERATIONAL REQUIREMENTSe ANALYTICAL, SIMULATION g WIND-TUNNEL~ AND
FLIGHT STUDIES WITH AVAILABLE VEHICLES WILL BE MADE TO ACCUMULATE THE
DATA AND UNDERSTANDING REQUIRED TO ESTABLISH APPROPRIATE CRITERIA AND
POSSIBLE MEANS FOR IMPROVED FLIGHT CHARACTERISTICS FOR THE VARIOUS
V/STOL AIRCRAFT CONCEPTSe
RTOP NO. 760-72-03 TITLE: V/STOL AND STOL AIRCRAFT FLIGHT DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS g L. TELe 415-961r2280
TECHNICAL SUMMARY
ALL V/STOL AND STOL AIRCRAFT DESIGNS UNDER CONSIDERATION TO MEET
CIVIL AND MILITARY TRANSPORTATION REQUIREMENTS HAVE SERIOUS
DEFICIENCIES IN HANDLING QUALITIES AND RIDE QUALITIES. THE CRITERIA
FOR CERTIFICATION FOR THESE CLASSES OF AIRPLANE NEED DEVELOPMENT g
ESPECIALLY IN rHE AREA OF LANDING PERFORMANCE. INVESTIGATIONS ARE
BEING CONDUCTED TO DEVELOP SOLUTIONS TO THESE PROBLEMS SO THAT
COMMERCIAL AND MILITARY PILOTS CAN EASILY AND SAFELY MANUALLY CONTROL
V/STOL AND STOL TRANSPORTS w PARTICULARLY IN THE CRITICAL PHASES OF
TERMINAL OPERArIONS~ MANUAL CONTROL OF V/STOL AND STOL AIRCRAFT IS
BEING STUDIED THROUGH AN INTEGRATED EFFORT USING ANALYSIS,
GROUND-BASED SIMULATORS, AND VARIOUS CONCEPTUAL TYPES OF AIRCRAFT4
SPECIFIC GOALS ARE TO EXTEND THE KNOWLEDGE OF V/STOL AND STOt
STABILIZATION REQUIREMENTS AND TO DEVELOP INFORMATION ON DISPLAYS AND
INTEGRATION OF CONTROLS TO PROVIDE MANUAL CONTROLLABILITY AT REDUCED
LEVELS OF PILor WORKLOAD. THE STUDIES EMPHASIZE THE RELATIONSHIP OF
COCKPIT DISPLAYS AND HUMAN OPERATOR CONTROL CHARACTERISTICS IN
DEFINING THE C~MPLETE FLIGHT SYSTEM AND ARE INTIMATELY RELATED TO
OPERATION UNDER TERMINAL AREA GUIDANCE AND TO LANDING AND TAKEOFF.
GROUND-BASED SIMULATION WILL BE USED TO STUDY THE PERFORMANCE OF
COMPLETE SYSTE~S WITH VARIOUS DISPLAYS AND LEVELS OF AUTOMATION IN
CRITICAL TASKS SUCH AS PRECISION HOVER, TRANSLATIONAL MANEUVERS, AND
CURVED AND DECELERATING APPROACHES. FOR EACH SYSTEM, SIMULATORS
PERMIT A WIDE RANGE OF PARAMETERS TO BE COVERED. FLIGHT
INVESTIGATIONS WILL BE USED TO VERIFY SIMULATOR RESULTS FOR SELECTED
SYSTEMS TO IDENTIFY PROBLEMS FCR FURTHER STUDY.
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RTOP NO. 760-72-04 TITLE: V/STOL AIRCRAFT SUPPORT
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN q Lo K.~ JR. TELe 703-827-3285
TECHNICAL SUMMARY
TO PROVIDE OPERATIONAL SUPPORT AND MAINTENANCE FOR OPERATION OF
STOL v ROTORCRAFT AND VTOL RESEARCH AIRCRAFT USED IN FLIGHT STUDIES
DESCRIBED UNDER RTOP 760-72-03.
RTOP NOo 760~72-04 TITLE: V/STOL AIRCRAFT SUPPORT
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS v L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE FOLLOWING AIRCRAFT ARE USED IN FLIGHT INVESTIGATIONS OF VTOL
AND STOL AIRCRAFT: X-14B JET-LIFT VTOL AIRCRAFT WITH A THREE-AXIS
MODELFOLLOWING VARIABLE-STABILITY SYSTEM; XV-5BFAN-IN-WING VTOL
AIRCRAFT; C-8A STOL AIRCRAFT;UH-12E HELICOPTER; OV-10A STOL AIRCRAFT g
MODIFIEDTO INCORPORATE A ROTATING CYLINDER FLAP; HU-1HELICOPTER.
RTOP NO. 760-72-05 TITLE: JET AUGMENTOR WING VEHICLE SYSTEMS AND
AERODYNAMICS
ORGANIZATION: aMES RESEARCH CENTER
MONITOR: ROBERTS u L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE AUGMENTOR WING JET STOL TRANSPORT PROGRAM IS DIRECTED TOWARD
THE DEVELOPMENT OF STOL TECHNOLOGY RELATED TO APPLICATION OF THE
AUGMENTOR WING CONCEPT TO TRANSPORT AIRCRAFT AND THUS ALLOW GREATER
CONFIDENCE IN ULTIMATE DESIGN OF COMMERCIAL OR MILITARY STOL
TRANSPORT AIRCRAFT~ PRELIMINARY DESIGN STUDIES ARE UNDERWAY OF
AUGMENTOR WING ST01 TRANSPORTS TO DEFINE VARIOUS METHODS OF APPROACH
FOR INTEGRATION OF THE WING, PROPULSION SYSTEM q DUCTING q AND CONTROL
FOR QUIET AUGMENTOR FLAP DEVELOPMENTS. CONCURRENTLY@ TESTS ARE
UNDERWAY WITH THE BOEING COMPANY WITH A LARGE-SCALE MODEL OF THE
AUGMENTOR WING FLAPS TO DETERMINE METHODS OF QUIETING AUGMENTOR WING
FLAPS AND ATTAINING HIGHER EFFICIENCY. LARGE-SCALE WIND TUNNEL TESTS
IN THE 40- BY SO-FOOT WIND TUNNEL OF A SWEPT-BACK WING MODEL ARE IN
PROGRESS TO DEFINE THE AERODYNAMICS w STOL PERFORMANCE g STABILITY AND
CONTROL IN AND OUT OF GROUND EFFECT. STUDIES ARE UNDERWAY TO ASSESS
THE EFFECT OF RELATIVELY THICK SUPERCRITICAL WINGS ON THE AUGMENTOR
WING FLAP PERFORMANCE, WING WEIGHTS q DUCTING AND AIRFLOW LOSSES, AND
ON THE AIRCRAFT CRUISE PERFORMANCE. SIMULATION OF AUGMENTOR WING
TRANSPORTS WILL BE CONTINUED WITH THE INTRODUCTION OF THE SWEPT-BACK
WING CHARACTERISTICS AND GROUND EFFECT. THIS ACTIVITY IS RELATED
DIRECTLY TO THE AUGMENTOR NOISE RESEARCH 760-72-02 AND AUGMENTOR WING
JET STOL RESEARCH AIRCRAFT (MODIFIED C-8A) 763-72-02$
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RTOP NO. 160-72-06 TITLE: LIF~-FAN V/STOL AERODYNAMICS AND VEHICLE
SYSTEMS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE LIFT-FAN RESEARCH AIRCRAFT PROGRAM IS DIRECTED TOWARD THE
ADVANCEMENT OF LIFT-FAN V/STOL AIRCRAFT TECHNOLOGY TO THE POINT WHERE
THE DESIGN OF COMMERCIAL OR MILITARY AIRCRAFT CAN BE UNDERTAKEN WITH
GREATER CONFIDENCE. TO ACHIEVE THIS GOAL, AN OVER-ALL TECHNOLOGY
PROGRAM HAS BEEN INITIATED TO ESTABLISH THE TECHNOLOGICAL BASE
REQUIRED FOR FGTURE PROCUREMENT OF A LIFT-FAN V/STOL PROOF-Of-CONCEPT
FLIGHT RESEARCH AIRCRAFT. COMPETITIVE STUDY CONTRACTS HAVE BEEN
AWARDED TO THREE CONTRACTORS TO (1) DEFINE A PRACTICAL COMMERCIAL
DIRECT-LIFT FAN V/STOL TRANSPORT, (2) ESTABLISH A PRELIMINARY DESIGN
OF A MINIMUM SIZE PROOF-OF-CONCEPT LIFT-FAN RESEARCH AIRCRAFT, (3)
PROVIDE A PROGRAM PLAN FOR DEVELOPMENT OF THE PROOF-OF-CONCEPT
RESEARCH AIRCRAFT, AND (4) DEFINE RESEARCH AND DEVELOPMENT PROGRAMS
REQUIRED FOR DEVELOPMENT OF THE AIRCRAFT. STUDIES OF THE FEASIBILITY
OF MODIFYING THE DC-9-10 AIRCRAFT WITH G.E. 460 TIP-TURBINE-DRIVEN
LIFT FANS WERE COMPLETEDFY 71 AND INDICATED THAT A 60,000 LB V/STOL
V/STOL RESEARCH AIRCRAFT WAS POSSIBLE WITH UTILIZATION OF AN ENERGY
TRANSFER CONTROL SYSTEM. EXPERIMENTAL INVESTIGATIONS ARE UNDERWAY
UTILIZING 2 YJ-97 GAS GENERATORS DURING FY 71 AND FY 72 THAT WILL
EVALUATE THE RESPONSE RATES, TRANSIENTS, AND OTHER DYNAMIC PARAMETERS
OF THE ENERGY rRANSFER CONTROL SYSTEM TO BE USED IN CONTROL OF THE
TIP-TURBINE-DRIVEN FAN SPEED. LARGE-SCALE WIND-TUNNEL TESTS OF
LIFT-FAN MODELS OF VARIOUS ARRANGEMENTS OF LIFT FANS ON THE FUSELAGE
AND WINGS HAVE BEEN UNDERWAY TO DEFINE THE V/STOL PERFORMANCE, STATIC
STABILITY AND CONTROL REQUIREMENTS IN AND OUT OF GROUND EFFECT.
SIMULATION STUDIES DIRECTED AT THE POTENTIALPROOF-OF-CONCEPT AIRCRAFT
ARE UNDERWAY----
RTOP NO. 760-72-06 TITLE: LIFT-FAN V/STOL AERODYNAMICS AND VEHICLE
SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER _
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3611
TECHNICAL SUMMARY
THE BASIC RESEARCH OBJECTIVE IS TO DEVELOP THE TECHNOLOGY
REQUIRED FOR IMPROVED PERFORMANCE AND STABILITY AND CONTROL OF
POSSIBLE ADVANCED V/STOL LIFT-FAN AIRCRAFT CONFIGURATIONS THAT WOULD
HAVE APPLICATDN IN MILITARY AND CIVIL TRANSPORT AND IN MILITARY
FIGHTER AND ATrACK MISSIONS. THE RESEARCH IS DIRECTED ALONG TWO
LINES. THE MORE FUNDAMENTAL LINE IS TO PROVIDE A BASIC UNDERSTANDING
OF THE AERODYNAMIC PHENOMENA INVOLVED AND TO DEVELOP THEORETICAL OR
SEMI-EMPIRICAL MEANS OF PREDICTING THE AERODYNAMIC CHARACTERISTICS OF
THE VEHICLES. THE OTHER LINE IS TO EXPLORE EXPERIMENTALLY THE
AERODYNAMIC CHARACTERISTICS OF THE MORE NOVEL TYPES OF VEHICLES
INVOLVED WITH A VIEW TOWARD DEFINING THEIR GROSS CHARACTERISTICS, THE
PERTINENT VARIABLES, AND THE PROBLEM AREAS AND GENERAL METHODS OF
SOLUTION. WIND-TUNNEL AND THEORETICAL STUDIES WILL BE USED "TO
IMPROVE THE CAPABILITY TO PREDICT THE AERODYNAMIC PERFORMANCE AND
STABILITY AND CONTROL CHARACTERISTICS OF ADVANCED LIFT-FAN-POWERED
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VTOL AND STOL CONCEPTS AS THEY ARE PRESENTLY ENVISIONED w AND TO
EXPLORE NEW AIRFRAME-PROPULSION INTEGRATION CONCEPTS AIMED AT
IMPROVEMENT IN PERFORMANCE.
RTOP NO. 760-73-01 TITLE: AERODYNAMICS OF ADVANCED
SUBSONIC/TRANSONIC TRANSPORTS
ORGANIZATION: AMES RESEARCH CENTER,
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
CONSIDERATION OF THE TYPES OF AIRCRAFT THAT COULD BE UTILIZED TO
EXTEND THE CRUISING SPEED AND RANGE OF COMMERCIAL AIR TRANSPORTS
BEYOND THAT CURRENTLY AVAILABLE WITH SUBSONIC JETS RESULTS IN THE
CONCEPT (AMONG OTHERS) OF A LOW-SUPERSONIC SPEED CRUISE AIRCRAFT. A
CRUISE SPEED OF APPROXIMATELY M = 101 IS VISUALIZED. SUCH AN
AIRCRAFT WOULD PROVIDE A CONSIDERABLE REDUCTION IN TRANSIT TIME
WITHOUT INCURRING A SONIC BOOM PROBLEM OF THE MAGNITUDE ASSOCIATED
WITH HIGHER SUPERSONIC SPEEDS. ANALYTICAL STUDIES AND TESTS IN
GROUND-BASED FACILITIES WILL BE PERFORMED TO DERIVE THE INPUTS NEED
FOR MISSION STUDIES TO ASSESS THE POTENTIAL OF LOW SUPERSONIC
TRANSPORTS.
RTOP NO. 760-73-02 TITLE: SUBSONIC/TRANSONIC AIRCRAFT FLIGHT
DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TELa 415-961-2280
TECHNICAL SUMMARY
A COOPERATIVE PROGRAM IS IN PROGRESS WITH THE FAA TO DEVELOP
MORE RATIONAL CRITERIA AND FLIGHT MANEUVERS FOR CERTIFICATION OF
TRANSPORT AIRCRAFT. NEAR TERM PLANS INCLUDE RESEARCH TO EFFECT
REVISION OF THE LONGITUDINAL STABILITY REQUIREMENTS, PRIMARILY FOR
THE LANDING APPROACH AND CLIMB. FUTURE PLANS INCLUDE INVESTIGATIONS
OF TaE HANDLING QUALITIES OF ADVANCED TRANSONIC TRANSPORT CONCEPTS,
WITH EMPHASIS IN THE TRANSONIC CRUISE WHERE LARGE CHANGES IN THE
STABILITY AND CONTROL PARAMETERS ACCOMPANY SMALL VARIATIONS IN SPEED.
THE FLIGHT SI~ULATOR FOR ADVANCED AIRCRAFT (FSAA) WILL BE USED IN
THE RESEARCH NOTED ABOVE. INCREASES IN THE HAZARD OF TRAILING VORTEX
SYSTEMS IS A CONSEQUENCE OF INCREASES IN TRANSPORT SIZE. PRACTICAL
MEANS ARE BEING SOUGHT TO ACCELERATE THE DISSIPATION OF VORTEX WAKES
TO IMPROVE FLIGHT SAFETY AND TO REDUCE THE REQUIRED SEPARATION
DISTANCES BETWEEN AIRCRAFT.
RTOP NO. 760-74-01 TITLE: SUPERSONIC AIRCRAFT AERODYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER.
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP THE AERODYNAMIC, STRUCTURES, AND
PROPULSION SYSTEM TECHNOLOGY SUCH THAT IMPROVED OVERALL PERFORMANCE
CAN BE ACHIEVED BY COMMERCIAL AIRCRAFT, MILITARY AIRCRAFT, AND
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MISSILE CONFIGURATIONS IN BOTH THE SUBSONIC AND SUPERSONIC FLIGHT
REGIMESe THE FURTHER OBJECTIVE IS TO FIND MEANS TO PROVIDE IMPROVED
LIFT-OFF CHARACTERISTICS FOR OPTIMUM SUPERSONIC CRUISE VEHICLES AND
TO ASSURE THAT ADEQUATE CONTROL POWER, MANEUVERABILITY w AND INLET
PERFORMANCE ARE ACHIEVED AT AIL FLIGHT CONDITIONS. THE FEASIBILITY
AND IMPORT OF THE RESEARCH DEVELOPMENTS WILL BE ASSESSED BY
APPLICATION TO PRACTICAL COMMERCIAL, MILITARY u AND MISSILE
CONFIGURATIONS. THE RESEARCH APPROACH WILL INVOLVE THE USE OF
AUTOMATED ANALYTIC TECHNIQUES AND CAREFULLY CONTROLLED WIND-TUNNEL
EXPERIMENTS OF BASIC AIRPLANE, MISSILE g AND INLET CONFIGURATIONS, AND
BY TESTS AND ANALYSES OF SOPHISTICATED COMPLETE CONFIGURATIONS~
EFFORTS WILL BE CONTINUED TO COMBINE EXISTING AND IMPROVED METHODS
FOR AERODYNAMIC ANALYSIS WITH SIMILAR METHODS FOR STRUCTURAL WEIGHT
AND BALANCE ANALYSES.
RTOP NO. 160-74~01 TITLE: SUPERSONIC AIRCRAFT AERODYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TELe 415-961-2280
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RESEARCH EFFORT IS TO PROVIDE
INFORMATION IN AREAS WHERE FLIGHT EXPERIENCE HAS REVEALED INCOMPLETE
DESIGN KNOWLEDGE, OR WHERE INNOVATIVE THINKING HAS INDICATED
POTENTIAL GAINS. SPECIFICALLY g THE IMMEDIATE OBJECTIVES ARE
CONCERNED WITH (1) FLOW FIELDS ABOUT ARBITRARY FUSELAGE SHAPES,
PARTICULARLY AT LARGE ANGLES OF ATTACK AND SIDESLIP (2) THE
CORRELATION OF WIND TUNNEL AND FLIGHT DATA OBTAINED AT SUPERSONIC
SPEEDS, (3) TO PROVIDE THE DESIGN GUIDELINES FOR PRACTICAL LOW SONIC
BOOM AIRCRAFT CONFIGURATIONS FOR SUPERSONIC FLIGHT, (4) AN ASSESSMENT
OF POSSIBLE INCREASES IN AIRCRAFT PERFORMANCE ACHIEVED BY ACCEPTING
THE PREMISE OF LITTLE OR NO AERODYNAMIC STABILITY. THE APPROACH
FOLLOWED WILL BE: OBJECTIVE (1) - EXAMINE MODIFICATIONS TO METHODS
SUCH AS THE NAVIER-STOKES EQUATIONS TO ALLOW EVALUATIONS OF
CROSS-FLOW; OBJECTIVE (2) - OBTAIN SUPERSONIC WIND TUNNEL DATA WITH A
MODEL OF THE XB-70 AIRPLANE AS IDENTICAL AS PRACTICABLE TO THE
CONFIGURATION CORRESPONDING TO AVAILABLE FLIGHT DATA; OBJECTIVE (3) -
CONDUCT FEASIBILITY STUDIES TO DETERMINE THE AIRCRAFT CONFIGURATIONS
THAT WILL PROVIDE LOW SONIC BOOMS; OBJECTIVE (4) - PERFORM ANALYSES
OF CONCEPTUAL AIRCRAFT AND COMPARE THEIR PERFORMANCE WITH THAT OF
CURRENT AIRPLANES OF THE SAME CLASS.
RTOP NO. 760-74-04 TITLE: SUPERSONIC AIRCRAFT FLIGHT DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L~ TEL. 415-961-2280
TECHNICAL SUMMARY
VARIOUS FACTORS THAT CONTRIBUTE TO THE HANDLING QUALITIES OF
CIVIL AND MILITARY AIRCRAFT DESIGNS ARE BEING INVESTIGATED IN
GROUND-BASED SIMULATIONS. PRINCIPLE INTEREST IS CENTERED ON THE
LOW-SPEED AREAS OF APPROACH, LANDING, TAKEOFF, AND CLIMB, AND IN THE
HIGH SPEED AREAS OF TRANSONIC FLIGHT, CRUISE, AND OVERSPEED.
VARIATIONS IN AIRCRAFT PARAMETERS, AUGMENTATION SYSTEMS, AND COCKPIT
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DISP1AYS~ AND rHE EFFECTS OF TURBULENCE w POOR VISIBILITY g CROSS
WINDS~ AND AUGMENTATION SYSTEM FAILURES ARE BEING INVESTIGATED. THIS
WORK IS DIRECTED AT IMPROVING THE GENERAL KNOWLEDGE OF HANDLING
QUALITIES CRITERIA FOR SUPERSONIC AIRCRAFT g PARTICULARLY FOR TASKS IN
LOW-SPEED FLIGHT. A STRUCTURAL MODEL SUITABLE FOR USE IN PILOTED
SIMULATION IS UNDER DEVELOPMENT AND WILL BE EMPLOYED IN AN EVALUATION
OF STRUCTURAL DYNAMICS WITH THE AIM OF FINDING PRACTICAL MEANS TO
MINIMIZE THEM. ALTHOUGH THE MODEL IS FOR A SUPERSONIC TRANSPORT e THIS
WORK WILL APPLY GENERALLY TO ALL LARGE TRANSPORT AIRCRAFT. THE
RESEARCH WILL BE COORDINATED WITH THE RESULTS OF ANALYTICAL STUDIES
IN PROGRESS WHICH ARE AIMED AT PREDICTING AND IMPROVING
PILOT-VEHICLE-CONTROL SYSTEM PERFORMANCE AND RIDE COMFORT (RTOP
136-62-01). RESEARCH WILL BE CONDUCTED TO ESTABLISH THE LEVEL OF
INSTABILITY TH&T IS ACCEPTABLE WITH DEGRADED STABILITY AUGMENTATION,
AS A FUNCTION OF CONTROL POWER F LONGITUDINAL MOMENT OF INERTIA, AND
FLIGHT TASKS. STUDY WILL ALSO DEFINE APPLICATIONS AND LIMITATIONS OF
CONTROL CONFIGURED VEHICLE CONCEPT.
RTOP NO. 760-74-05 TITLE: TRANSONIC MANEUVERABILITY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K. TEL. 703-827-3285
TECHNICAL SUMMARY
TO IDENTIFY PROBLEMS CONCERNED WITH MANEUVERING EFFECTIVENESS OF
MILITARY AIRCRAFT, CONDUCT ANALYTICAL AND EXPERIMENTAL INVESTIGATIONS
TO PROVIDE SOLUTIONS TO THESE PROBLBMS Q AND PROVIDE CRITERIA FOR
ADVANCED DESIGN CONFIGURATIONS. ASSESS VARIOUS PARAMETERS WHICH
INFLUENCE THE ~ANEUVERING/COMBAT EFFECTIVENESS OF FIGHTER AIRCRAFT
AND DETERMINE TRADE OFF AND SENSITIVITY INFORMATION WHICH CAN BE USED
TO GUIDE WIND-TUNNEL RESEARCH. DEVELOP APPROPRIATE THEORY AND EXPAND
THROUGH THE USE OF COMPUTERIZED TECHNIQUES. EVALUATE THRUST
VECTORING BY MEANS OF FLIGHT TESTS USING THE HAWKER-SIDDELEY KESTREL
AIRCRAFT AND EVALUATE THE STABILITY AND CONTROL PROBLEMS ENCOUNTERED
BY THE PILOT WHILE CONDUCTING A TRACKING TASK INVOLVING HIGH
MANEUVERABILITY. DEVELOP SYSTEMATIC DESIGN INFORMATION FOR AIRCRAFT
WHICH REQUIRE HIGH THRUST-TO-WEIGHT RATIOS, MODERATE WING LOADINGS
AND HIGH USABLE LIFT COEFFICIENTS AT TRANSONIC AND LOW SUPERSONIC
SPEEDS.
RTOP NOo 760-74-05 TITLE: TRANSONIC MANEUVERABILITY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RESEARCH EFFORT IS TO PROVIDE
INFORMATION CONCERNED WITH IMPROVING THE MANEUVERING EFFECTIVENESS OF
MILITARY AIRCRAFT IN THE TRANSONIC SPEED RANGE. THIS IMPLIES THE
NEED TO FIND MEANS FOR DEVELOPING WING CONCEPTS WHICH LEAD TO THE
BUFFET~FREE GENERATION OF HIGH LIFT. AS PART OF A JOINT ARC-FRC
STUDY, AMES WILL CONDUCT WIND TUNNEL INVESTIGATIONS OF THE USE OF
TWIN HINGE LEADING EDGE FLAPS ON THE NORTHROP F-5. THE RESULTS FROM
THE WIND TUNNEL STUDY WILL BE USED IN SELECTING THE DESIGN
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MODIFICATIONS FOR THE FLIGHT TEST AIRCRAFT AND IN CORRELATIONS WITH
THE FLIGHT DATA.
RTOP NO. 760-74-05 TITLE: FIGHTER AIRCRAFT OPTIMIZATION FOR
TRANSONIC MANEUVERABILITY
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: SISK, T. R. TEL. 805-258-3311
TECHNICAL SUMMARY
THIS PROGRAM IS A COORDINATED FLIGHT/WIND-TUNNEL INVESTIGATION
OF FIGHTER AIRCRAFT TRANSONIC MANEUVERABILITY UTILIZING SUCH AIRCRAFT
AS THE F-5 v F-104, F-S, AND F-111. THE INVESTIGATION INCLUDES THE
EVALUATION OF EFFECTS OF MANEUVER FLAP DEFLECTION ON BUFFET
ALLEVIATION AND HANDLING QUALITIES OF EXISTING AIC AS WELL AS
VALIDATION OF MODEL RESULTS OF AERODYNAMIC INNOVATIONS SUCH AS THE
NORTHROP DOUBLE-HINGED LEADING~EDGE FLAP AND APPLICATION OF THE
SUPERCRITICAL ~IRFOIL TO FIGHTER AIRCRAFT. ALSO INCLUDED IS AN
ASSESSMENT OF HIGH ANGLE-OF-ATTACK (A IS GREATER THAN 20 DEGREES)
FLYING QUALITIES AND A REVIEW OF APPROPRIATE HANDLING QUALITIES
CRITERIA AND SPECIFICATIONS. FLIGHT RESULTS WILL BE CLOSELY
COORDINATED WITH MODEL RESULTS TO ASSIST IN DEVELOPING PREDICTION
TECHNIQUES AND ESTABLISHING ADVANCED DESIGN CRITERIA.
RTOP NO. 760-74-06 TITLE: DESIGN GUIDELINES FOR LOW SONIC-BOOM
AIRCRAFT CONFIGURATIONS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK WILL BE TO PROVIDE THE DESIGN
GUIDELINES FOR PRACTICAL LOW SONIC-BOOM AIRCRAFT CONFIGURATIONS FOR
SUPERSONIC FLIGHT; TO DETERMINE DESIGN PROCEDURES AND PRACTICAL
AIRCRAFT DESIGN LIMITATIONS THAT WILL INDICATE HOW REAL AIRCRAFT CAN
BE DESIGNED TO PROVIDE ACCEPTABLE SONIC BOOMS, AND THUS MAKE POSSIBLE
DOMESTIC VERSI~NS OF THE SUPERSONIC TRANSPORTS; AND TO PROVIDE
WIND-TUNNEL SUPPORT AND RELATED TECHNICAL ASSISTANCE FOR TESTING
ADVANCED LOW BOOM CONFIGURATIONS.
RTOP NO. 760-74-07 TITLE: SUPPORT OF THE F-14, F-15, AND B-1
DEVELOPMENT PROGRAMS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
TO PROVIDE TEST AND CONSULTATION SUPPORT TO THE DEPARTMENT OF
DEFENSE IN CONNECTION WITH THE DEVELOPMENT OF THE F-14, F-15, AND B-1
AIRPLANES. TESTS WILL BE PERFORMED IN AMES FACILITIES CONSISTENT
WITH THE AVAILABILITY OF TEST TIME AND THE NEED FOR UTILIZING THE
PARTICULAR FACILITIES REQUESTED.
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RTOP NO. 760-74-08 TITLE: DOT SUPPORT - THE BOEING 2701-300
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: ROBERTS, L. TEL. 415~961-2280
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO ADVANCE THE KNOWLEDGE IN
SUPERSONIC AIRCRAFT DESIGN BY CAPITALIZING ON THE KNOWLEDGE AND
EXPERIENCE ACQUIRED IN THE COURSE OF DEVELOPING THE SST DESIGN. MUCH
OF THE WORK PERFORMED BY THE BOEING COMPANY REPRESENTS AN ADVANCEMENT
IN THE STATE-OF-THE-ART IN SUPERSONIC AIRCRAFT DESIGN WHICH COULD
BENEFIT OTHERS. THE PROCEDURE TO BE FOLLOWED IS TO HAVE BOEING
COMPLETE AND DJCUMENT CERTAIN PHASES OF THE RESEARCH AND DEVELOPMENT
WORK THEY CONDUCTED UNDER THE DOT-SST PROGRAM.
RTOP NO. 760-74-09 TITLE: F-111 SUPERCRITICAL WING RESEARCH PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: MCTIGUE, Jc G_ TEL. 805-258-3311
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO EVALUATE AND FLIGHT TEST A
VARIABLE SWEEP SUPERCRITICAL WING WHICH IS BELIEVED CAPABLE OF
IMPROVED AERO DY NAMIC EFFICIENCY I N THE TRANSONIc' REGION. (1)
DEMONSTRATE THE IMPROVED TRANSONIC DRAG RISE AND LIFT LEVELS FOR
BUFFET ONSET SHOWN IN WIND-TUNNEL INVESTIGATIONS. (2) IDENTIFY
PROBLEM AREAS IN STRUCTURAL AND AERODYNAMIC DESIGN AND FLIGHT
OPERATIONS AND (3) ESTABLISH THE DESIRED LEVEL OF CONFIDENCE IN
PREDICTION TECHNIQUES FOR FUTURE APPLICATIONS.
RTOP NO. 760-75-01 TITLE: HYPERSONIC AIRCRAFT CONFIGURATIONS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTINg L. K., JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS TO PROVIDE THE TECHNOLOGY FOR THE
DESIGN OF EFFI:IENT g PRACTICAL, HYPERSONIC AIRBREATHING AIRCRAFT. A
NUMBER OF AIRCRAFT SYSTEMS ARI BEING STUDIEDQ THESE INCLUDE
HYPERSONIC TRANSPORTS w MILITARY STRIKE AND RECONNAISSANCE VEHICLES,
HYPERSONIC RESEARCH AIRPLANES. AND THE AIRBREATHING LAUNCH VEHICLE.
THE AIRBREATHING LAUNCH VEHICLE WHICH IS CAPABLE OF PROVIDING A TRULY
LOW-COST SPACE LOGISTICS SYSTEM CAN FILL AN EXPECTED NEED IN THE
NASA/DOD PROGRAM IN THE 1985-1995 TINE PERIOD. THE HYPERSONIC
TRANSPORT g WITH ITS LONG-RANGE CAPABILITY AND CRUISE SONIC BOOM
LEVELS THAT MAY BE ACCEPTABLE OVER POPULATED AREAS g HAS THE POTENTIAL
OF PROVIDING A MAJOR STEP IN AIR TRANSPORTATION IN THE LATTER PART OF
THE CENTURY. THE TECHNOLOGY FOR ALL THREE SYSTEMS NEEDS TO BE
DEMONSTRATED IN FLIGHT BEFORE COMMITMENT TO MISSION HARDWARE IS MADE.
A PROGRAM FOR HYPERSONIC TECHNOLOGY DEMONSTRATOR AIRCRAFT FOR
OPERATION IN THE EARLY 1980 PERIOD WILL BE DEVELOPED AND THIS VEHICLE
WILL BE USED AS A FOCAL POINT IN THE TECHNOLOGY DEVELOPMENT.
AIRBREATHING VEHICLE SYSTEMS MUST FULLY EXPLOIT THE INTERACTIONS
BETWEEN AERODYNAMICS, PROPULSION. STRUCTURES 6 TRAJECTORY SELECTION g
ETC •• TO ACHIEVE MAXIMUM OVERALL EFFICIENCY AND OPERATIONAL
FLEXIBILITY. DETAILED WORK ON CONFIGURATION CONCEPTS, RELIABLE
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PREDICTION TECHNIQUES u FULL-SCALE REYNOLDS NUMBER EFFECTS,
ENGINE-AIRFRAME INTEGRATION~ ETC. e WILL BE VIGOROUSLY PURSUED TO
PROVIDE THE TE2HNOlOGICAL BASE NECESSARY FOR DESIGNING AN
AIRBREATHING LAUNCH SYSTEM TO MEET THESE REQUIREMENTS.
RTOP NO. 760-75-01 TITLE~ HYPERSONIC AIRCRAFT AERODYNAMICS
ORGANIZATION~ AMES RESEARCH CENTER
MONITOR~ ROBERTS u L. TEL. 415~961-2280
TECHNICAL SUMMARY
NASA AND AIRCRAFT INDUSTRY STUDIES HAVE INDICATEDTHAT
HYDROGEN-FUELED HYPERSONIC AIRCRAFT OFFERATTRACTIVE PERFORMANCE
CAP~BILITIES FJR CIVIL ANDMILITARY MISSIONS. TO SUPPLEMENT AND
VERIFY THESESTUDIES u WIND TUNNEL TESTS ARE BEING PERFORMED
ONPOTENTIAL HYPERSONIC CONFIGURATIONS FROMSUBSONIC TO HYPERSONIC
SPEEDS. A PROGRAM INCLUDESWING-BODY. AND ALL~BODY CONCEPTS.IN
ADDITION TO PRJVIDING INFORMATION USEFUL INESTABLISHING THE ACCURACY
OF VARIOUS PERFORMANCEPREDICTION TECHNIQUES~ WIND TUNNEL TESTS
PROVIDEEXPEHIMENTAL DATA ON CONFIGURATIONS OF GENERALINTEREST.----
RTOP NO~ 760-76-01 TITLE: ROTORCRAFT AERODYNAMICS AND NOISE
REDUCTION
ORGANIZATION: LANGLEY RESEARCH CE~TER
MONITOR: LOFTIN r L. K. v JR. TEL~ 703=827-3285
TECHNICAL SUMMARY
A CONTINUING RESEARCH EFFORT WILL BE MAINTAINED TO ASCERTAIN THE
EFFECTIVENESS JF EXISTING THEORIES g EXTEND THE CAPABILITIES OF
THEORETICAL MErnODS g AND PROVIDE PROCEDURES FOR ANALYZING AND
PREDICTING THE AERODYNAMIC~ PERFORMANCE g AND NOISE CHARACTERISTICS OF
ROTORS AND PROPELLERS. EXPERIMENTAL STUDIES OF ADVANCED ROTOR
CONCEPTS v INCLUDING SOME BASED ON NEW AIRFOIL TECHNOLOGY g WILL BE
UNDERTAKEN TO PROVIDE IMPROVED PERFORMANCE CHARACTERISTICS. EMPHASIS
WILL ALSO BE PLACED ON EXPERIMENTAL STUDIES OF THE UNSTEADY
AERODYNAMIC PARAMETERS WHICH AFFECT ROTOR BLADE-SEC~ION LIFT
GENERATION. SUCH AS CHANGES IN ANGLE OF ATTACK, MACH NUMBER@ AND YAW
ANGLE. IN ADDITION. DEFINITIVE STUDIES WILL BE MADE OF THE SOURCE
AND CHARACTERISTICS OF ROTOR AERODYNAMIC-NOISE GENERATION. WORK WILL
BE CONTINUED TJ EXAMINE THE ROTOR-WAKE/TAIL-ROTOR INTERFERENCE
PROBLEM.
RTOP NO. 760-76-01 TITLE: ROTORCRAFT AERODYNAMICS AND NOISE
REDUCTION
ORGANIZATION~ AMES RESEARCH CENTER
MONITOR: ROBERTS g L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE SIGNIFICANT ADVANCES IN OVERALL ROTOR/PROPELLER PERFORMANCE
IN RECENT YEARS REQUIRES A FOCUSING ON BASIC AERODYNAMIC PHENOMENON
TO PROVIDE A RATIONAL BASE FOR FUTURE ROTORCRAFT DESIGN. TO
IMPLEMENT THIS ACTIVITY WILL REQUIRE PROCUREMENT FROM CONTRACTORS OF
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SEVERAL EXISTING ROTOR THEORIES TO FORM A BASE FOR PLANNED IN~HOUSE
RESEARCH.RFP~S WILL BE PREPARED TO ACQUIRE A FORWARD FLIGHT ROTOR
PERFORMANCE PROGRAM INCLUDING VARIABLE INFLOW AND A HOVER PERFORMANCE
THEORY WITH A FREE WAKE. APPLICATION OF THESE THEORIES WILL PROVIDE
TIMELY IN-HOUSE EVALUATION OF CANDIDATE ROTOR DESIGNS FOR TESTS ON
THE HIGH PERFORMANCE ROTOR RIG NOW STARTING DEVELOPMENT. DEVELOPMENT
OF A THREE DIMENSIONAL c COMPRESSIBLE u LIFTING SURFACE THEORY FOR
ROTORS/PROPELLERS IN HOVER IS REQUIRED TO ADEQUATELY DEPINE BLADE
LOADING IN THE TIP REGION. USE OF SUCH THEORY WITH A VORTEX WAKE
REPRESENTATI~N IS REQUIRED TO ENABLE RATIONAL AND ACCURATE PREDICTION
OF HOVER PERFORMANCE AS REQUIRED FOR VTOL AIRCRAFT~ DESIGN AND
FABRICATION OF A ROTOR TO MEASURE ABSOLUTE SURFACE PRESSURE
DISTRIBUTIONS IN AN OUTBOARDSECTION WITH VARIOUS PLANFORM SHAPES FOR
TESTING ON THE HPR IN CONJUNCTION WITH ROTOR NOISE MEASUREMENTS IN
THE 40X80. TEST RESULTS WILL PROVIDE NOISE/PERFORMANCE TRADE-OFFS
AND PROVIDE DATA FOR CORRELATION WITH PERFORMANCE AND ACOUSTIC
THEORY. DESIGN STUDIES WILL BE CONDUCTED TO OPTIMIZE A ROTOR FOR
HOVERING g AS REQUIRED FOR 8LH TYPES IND FULL SCALE iINDTUNNEL TESTS
CONDUCTED Q RESULT OF FY 11 JET FLAP ROTOR AND ABC ROTOR TESTS WILL
BE ANALYZED AND REPORTED. THE REVERSE VELOCITY ROTOR CONCEPT ~ILL BE
INVESTIGATED. BOTH ANALYTICALLY ANDEXPERIMENTALLY c TO DETERMINE IF
THE POTENTIAL----
RTOP NO. 760-76-02 TITLE: ROTORCRAFT DYNAMIC LOADS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS~ L. TEL~ 415=961-2280
TECHNICAL SUMMARY
THE DYNAMI: INSTABILITY PBOBLEMS G BOTH AEROMECHANICAL AND FLIGHT
VEHICLE~ ASSOCIATED WITH THE LARGE CONTROL POWER AND DAMPING
POTENTIAL OF EDGEWISE FLYING HINGELESS ROTORS WILL BE INVESTIGATED.
ONE MATHEMATICAL MODEL OF A HINGELESS ROTOR HAS BEEN DERIVED~
INCLUDING A STABILIZING GYROSCOPE IN THE CONTROL SYSTEM 9 AND
PROGRAMMED FOR DIGITAL COMPUTER SOLUTION AS A FIRST STEP IN PROVIDING
SEVERAL MATH MODELS TO SUIT THE COMPLEXITY OF GIVEN SYSTEMS$
CORRELATION OF THE THEORY WITH EXISTING DATA FROM FULL-SCALE TESTS ON
ROTOR/CONTROL SYSTEM STABILITY WILL IDENTIFY THE DEGREE OF
RELIABILITY OF EXISTING ANALYSES. PARAMETER IDENTIFICATION STUDIES
WILL PINPOINT THOSE PARAMETERS R~QUIRING MORE PRECISE DEFINITION TO
PERMIT RATIONAL CONTROL SYSTEM SYNTHESIS TO BE ACCOMPLISHED TO
INHIBIT INSTABILITIES AND MINIMIZE AIRFRAME VIBRATION$ FULL-SCALE
WIND-TUNNEL TESTS OF PROMISING CONTROL SYSTEMS ARE PLANNED UTILIZING
THE HIGH~PERFORMANCE ROTOR TEST RIGa A CONTRACT WILL BE INITIATED TO
DEVELOP A COMPUTER PROGRAM u MODIFIED TO NASA SPECIFICATIONS~ WHICH IS
CAPABLE OF OPEN-FORM SOLUTION OF THE COUPLED FLATWISE g EDGEWISE g AND
TORSIONAL BLADE AEROELASTIC MOTIONSQ FOLLOWING COBRELATION WITH
EXISTING AND PLANNED TEST DATA~ THIS WILL PROVIDE A POWERFUL TOOL FOR
PLANNING ROTOR LOADS AND AIRFRAME RESEARCH PROGRAMS v AND WILL PROVIDE
A BASIS FOR AIRFRAME VIBRATION PREDICTIONQ
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RTOP NO. 760-76~02 TITLE: ROTORCRAFT DYNAMIC LOADS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN u L. K. u JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THIS RESEARCH PLAN IS TO INVESTIGATE g
DEFINE g CONTROL, AND ALLEVIATE ROTOR-SYSTEM DYNAMIC LOADS q VIBRATION,
AND OSCILLATORY STRESSES. THE ANALYTICAL AND EXPERIMENTAL RESEARCH
WILL BE PERFORMED IN-HOUSE WITH SUPPORTING PROGRAMS CONDUCTED UNDER
LIMITED CONTRACT STUDIES. PRIMARY EMPHASIS WILL BE PLACED UPON ROTOR
LOADS IN EXTREME OPERATING CONDITIONS g VERIFICATION OF ANALYTICAL
METHODS FOR ROTOR DYNAMIC-RESFCNSE PREDICTION, INVESTIGATION OF
ADVANCED VARIABLE-GEOMETRY ROTOR CONFIGURATIONS u AND BASIC STUDIES TO
DETERMINE ROTOR-BLADE STRUCTURAL DAMPING CHARACTERISTICS.
RTOP NO. 760-76-03 TITLE: TILT ROTOR AERODYNAMICS AND VEHICLE
SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN. L. K•• JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE PROGRAM IS DIRECTED TOWARD THE ADVANCEMENT OF TECHNOLOGY OF
THE TILT-ROTOR AIRCRAFT CONCEPT TO THE POINT WHERE THE DESIGN OF A
COMMERCIAL OR MILITARY TRANSPORT EMPLOYING A TILT ROTOR CAN BE
UNDERTAKEN WITH CONFIDENCE. WIND-TUNNEL TESTS WILL BE MADE, USING
THE LANGLEY TRANSONIC DYNAMICS TUNNEL, WITH MODELS HAVING SOME
FREE-BODY DEGREES OF FREEDOM TO DETERMINE THE EFFECT OF VEHICLE
DEGREES OF FREEDOM ON PROP~RO~OR WHIRL FLUTTER. CORRELATION WILL BE
ATTEMPTED WITH WHIRL FLUTTER-VEHICLE STABILITY THEORIES DEVELOPED
IN-HOUSE. THE PERFORM~NCE LIMITING PROBLEM OF STALL FLUTTER WILL BE
STUDIED EXPERIMENTALLY AND ANALYTICALLYe
RTOP NO. 160-76-03 TITLE: TILT-ROTOR AERODYNAMIC AND VEHICLE SYSTEMS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL e 415-961-2280
TECHNICAL SUMMARY
THE TILT-ROTOR PROGRAM IS DIRECTED TOWARD THE ADVANCEMENT OF THE
TILT-ROTOR AIRCRAFT CONCEPT TO THE POINT WHERE THE DESIGN OF A
COMMERCIAL OR MILITARY AIRCRAFT CAN BE UNDERTAKEN WITH CONFIDENCE.
TO ACHIEVE THIS GOAL ~ JOINT NASA/ARMY EFFORT HAS BEEN INITIATED TO
ESTABLISH THE rECHNOLOGICAL BASE REQUIRED FOR FUTURE PROCUREMENT OF A
TILT-ROTOR PRO]F-OF-CONCEPT FLIGHT RESEARCH AIRCRAFT. COMPETITIVE
STUDY CONTRA:TS WILL BE AWARDED TO 1) DEFINE A PRACTICAL COMMERICIAL
OR MILITARY TILT-ROTOR AIRCRAFT, 2) ESTABLISH A PRELIMINARY DESIGN OF
A MINIMUM SIZE PROOF-OF-CONCEPT RESEARCH AIRCRAFT, 3) PROVIDE A
PROGRAM PLAN FOR THE TILT-ROTOR RESEARCH AIRCRAFT AND, 4) DEFINE IN
DETAIL THE NExr MAJOR STEP (A FULL-SCALE FULL-SPAN WIND TUNNEL MODEL
TEST) IN THE OVERALL PROGRAMe JOINT NASA/ARMY/AIR FORCE FULL-SCALE
TILT-ROTOR EXPERIMENTAL INVESTIGATIONS ARE UNDERWAY~ TESTS OF A
FULL-SCALE FLIGHTWORTHY SEMI-ARTICULATED TILT ROTOR IN THE AMES 40-
BY 80-FOOT WIND TUNNEL HAVE SUCCESSFULLY DEMONSTRATED THE DYNAMIC AND
PERFORMANCE CHARACTERISTICS OF THIS DESIGN. A FULL-SCALE HINGELESS
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TILT-ROTOR IS :URRENTLY BEING FABRICATED FOR SIMILAR TESTS. THE
FULL-SCALE PROGRAM INCLUDES THE FABRICATION AND TEST OF A FOLDABLE
TILT ROTOR OF THE SEMI-ARTICULATED TYPE. A CONTINUATION OF THE
NASA/ARMY/ONERA TILT-ROTOR PERFORMANCE PROGRAM PROVIDES FOR
ADDITIONAL HOVER TESTS IN THE AMES 40- BY 80-FOOT WINDTUNNEL AND
FURTHER HIGH M~CH NUMBER CRUISE PERFORMANCE INVESTIGATIONS IN THE
ONERA MODANE 26-FT. WIND TUNNEL. A THEORETICAL DESCRIPTION OF THE
ROTOR, ROTOR/WING, AND AIRCRAFT DYNAMICS WILL BE DEVELOPED. THE
STABILITY, CONTROL, AND VIBRATION CHARACTERISTICS OF THE AIRCRAFT
WILL BE STUDIED AND AN
RTOP NO. 760-76-04 TITLE: ROTOR TEST VEHICLE STUDIES
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: LOFTIN, L. K. g JR. TEL. 703-827-3285
TECHNICAL SUMMARY
THE BASIC ~BJECTIVE IS TO DEVELOP AN ADVANCED ROTOR-RESEARCH
CAPABILITY, IN:LUDING A FLIGHT VEHICLE, TO BE USED IN OBTAINING THE
NECESSARY UNDERSTANDING AND DATA TO SUPPORT A MORE REALISTIC
ROTOR-AERODYNAMIC AND DYNAMIC ANALYSIS. THE LONG~TERM OBJECTIVE IS
TO DEVELOP BETTER METHODS OF PREDICTING THE OPERATIONAL LIMITS OF
ROTORCRAFT. THE TEST VEHICLE IS INTENDED TO HAVE (1) A PERFORMANCE
CAPABILITY IN F.XCESS OF PRESENT OPERATIONAL HELICOPTERS, (2)
ADDITIONAL LIFT AND PROPULSIVE-FORCE CAPABILITIES ABOVE THAT PROVIDED
BY THE ROTOR, (3) A COMPUTERIZED FLIGHT-CONTROL SYSTEM TO PROVIDE
PREDETERMINED FLIGHT-TEST CONDITIONS, AND (4) EXTENSIVE AND UNIQUE
RESEARCH-INSTRUMENTATION CAPABILITY. THE ROTOR-TEST SYSTEM WILL BE
DIRECTED AT GENERATING BASIC RESEARCH INFORMATION ON ROTOR
AERODYNAMICS, NOISE, VIBRATION, STRUCTURAL DYNAMICS, AND FLIGHT
DYNAMICS IN REGIONS OF THE OPERATIONAL ENVELOPE WHERE PRESENT
INFORMATION IS INADEQUATE FOR USE IN PREDICTING LIMITATIONS OR
INDICATES A POTENTIAL FOR IMPROVEMENTS IN THE OPERATIONAL ENVELOPE.
THE PROGRAM TO DEVELOP THE ROTOR TEST VEHICLE IS A JOINT NASA
(LANGLEY)-ARMY (UGS. AAMRSDL, LANGLEY DIRECTORATE) ENDEAVOR.
RTOP NO. 761-72-01 TITLE: ROTATING-CYLINDER-FLAP STOL RESEAP.CH
AIRCRAFT ~ OV-10B
ORGANIZATION: AMES RESEARCH CENTER _
MONITOP.: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE PROGRAM IS A JOINT NASA/ARMY EFFORT TO DETERMINE, IN FLIGHT,
THE PREDICTED CHARACTERISTICS OF THE ROTATING CYLINDER FLAP CONCEPT
AS APPLIED TO PROPELLER-DRIVEN AIRCRAFT OF RELATIVELY LOW GROSS
WEIGHTS AND WING LOADINGS, AND TO DEFINE AND RESOLVE OPERATIONAL
PROBLEMS. MODIFICATIONS ARE TO BE MADE TO THE AMES OV-10B AIRCRAFT
TO MEET THE PROGRAM OBJECTIVES; THE MODIFICATIONS CONSIST OF A
ROTATING-CYLINDER FLAP SYSTEM LARGER ENGINES, PROPELLER INTERCONNECT,
AND IMPROVED LOW-SPEED CONTROLS. THE STEPS IN THE PROGRAM ARE: (1)
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WIND-TUNNEL TESTS OF A LARGE-SCALE MODEL TO PROVIDE DETAILED
AERODYNAMIC DESIGN INFORMATION. (2) DESIGN FEASIBILITY STUDY UNDER
CONTRACT" (3) DETAILED DESIGN" FABRICATION OF COMPONENTS"
MODIFICATION OF AIRCRAFT g GROUND AND WIND-TUNNEL TESTS OF MODIFIED
AIRCRAFT, AIRWJRTHINESS FLIGHT TESTS BY CONTRACTOR" AND (4) A
PROOF-OF-CONCEPT FLIGHT RESEARCH PROGRAM (CONSISTING OF (A)
DETERMINATION OF THE AERODYNAMIC PERFORMANCE OF THE ROTATING-CYLINDER
FLAP CONCEPTS" AND (B) A STUDY OF THE STABILITY, CONTROL AND HANDLING
QUALITIES OF THE MODIFIED AIRCRAFT.). THE PROGRAM IS BEING
UNDERTAKEN BECAUSE OF THE NEED FOR PROPELLER STOL AIRCRAFT TO SOLVE
BOTH CIVIL AND MILITARY AIR TRANSPORTATION PROBLEMS. THE
ROTATING-CYLINDER FLAP CONCEPT HAS BEEN SELECTED BECAUSE THE RESULTS
OF WIND~TUNNEL INVESTIGATIONS OF ADVANCED HIGH-LIFT DEVICES FOR
PROPELLER STOL AIRCRAFT HAVE SHOWN THAT THE CONCEPT IS AS EFFECTIVE
AS THE MOST EFPECTIVE BOUNDARY-LAYER-CONTROL FLAP AND REQUIRES LESS
POWER AT THE REQUIRED TAKE-OFF AND APPROACH SPEEDS.
RTOP NO. 761-72-02 TITLE: JET AUGMENTOR WING STOL RESEARCH AIRCRAFT
- MODI FlED C~8A
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: FEW, D. TEL. 415-96t-3051
TECHNICAL SUMMARY
AN EXISTIN3 C-8A AIRCRAFT WILL BE MODIFIED TO INCORPORATE AN
AUGMENTOR-WING POWERED HIGH-LIFT DEVICE AND JET ENGINES TO PROVIDE A
PROOF-OF-THE-C)NCEPT FOR PROVIDING THE TAKEOFF AND LANDING
PERFORMANCE REQUIRED FOR FAN-JET STOL TRANSPORT AIRCRAFT g AND TO MAKE
AVAILABLE AN AIRCRAFT FOR CARRYING OUT LIMITED LONG-TERM FLIGHT
RESEARCH ON THE JET STOL TYPE OF AIRCRAFT. THE MODIFIED AIRCRAFT IS
EXPECTED TO HAVE THE CAPABILITY OF LANDING AND TAKEOFF AT SPEEDS OF
60 TO 65 KNOTS REQUIRED FOR A STOL BALANCED FIELD LENGTH OF 1500
FEET. THE AIR:RAFT WILL HAVE THE PERFORMANCE AND CONTROL
CHARACTERISTICS REQUIRED TO ALLOW FLIGHT INVESTIGATIONS OF TAKEOFF
AND LANDING APPROACH PROFILES AND PROCEDURES FOR MINIMIZING NOISE OR
APPROACH TIME. IT WILL ALSO BE USED TO FURTHER DEVELOP CRITERIA FOR
HANDLING QUALITIES, PERFORMANCE REQUIREMENTS u RESOL~E OPERATING
PROBLEMS, AND AIR TRAFFIC OPERATION. THE PROGRAM IS A COOPERATIVE
EFFORT BY NASA AND THE CANADIAN GOVERNMENT THAT HAS BEEN UNDERWAY
SINCE 1965. THE PROGRAM ENCOMPASSES ANALYTICAL STUDIES" WIND-TUNNEL
INVESTIGATIONS GROUND-BASED SIMULATION STUDIES q DESIGN FEASIBILITIES
STUDIES v DETAIL DESIGN AND MODIFICATION OF AIRCRAFT" AND FLIGHT
INVESTIGATIONS. THE PROGRAM WILL PROVIDE MUCH NEEDED INFORMATION FOR
THE DESIGNERS 8F FAN-JET STOL AIRCRAFT WHICH THE NASA SHORT-HAUL
V/STOL TRANSPORT STUDIES SHOWED TO BE ONE OF TWO V/STOL CONCEPTS THAT
HAD THE LOWEST DIRECT OPERATING COSTS FOR SOO-MILE RANGE COMMERCIAL
TRANSPORTS.
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RTOP NO. 761-74-01 TITLE: YF-12 RESEARCH PROGRAM - DISCIPLINARY
RESEARCH
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE UNIQUE PERFORMANCE CAPABILITIES OF THE YF-12 AIRPLANE
PROVIDES ~N OPPORTUNITY TO OBTAIN HERETOFORE UNAVAILABLE FLIGHT DATA.
THESE DATA ARE INVALUABLE FOR THE ASSESSMENT OF THE THEORETICAL AND
EMPIRICAL PREDICTION METHODS, AND AN EVALUATION OF WIND TUNNEL TESTS
OF THAT AIRPLANE OR ITS COMPONENTS. COMPREHENSIVE WIND TUNNEL TESTS
WILL BE MADE IN THE AREAS OF (1) THE ENGINE-AIR INLET AND INTERNAL
FLOW SYSTEM, (2) THE EFFECTS ON THE AIRCRAFT AERODYNAMICS PRODUCED BY
THE VARIOUS MODES OF OPERATION OF THE PROPULSION SYSTEM, AND (3)
AEROELASTIC EFFECTS ON THE AIRCRAFT STABILITY CHARACTERISTICS.
FLIGHT TESTS WILL BE CONDUCTED BY rHE NASA FLIGHT RESEARCH CENTER FOR
CORRELATION WITH PREDICTIONS BASED PURELY ON AERODYNAMIC THEORY.
NOTE: AS A RESULT OF YF-12 INTERCENTER MEETING, AUGUST 3-4, 1971, IT
WAS AGREED THAT THE YF-12 FLIGHT TEST PROGRAM AND FUNDING SHOULD BE
REVIEWED ABOUT FEBRUARY, 1972 TO DETERMINE WHETHER 1/12-SCALE
PRESSURE MODEL ~ESTSq 1/3-SCAIE INLET MODEL TESTS, AND EXTENSIVE
F1EXSTAB CALCULATIONS SHOULD BE FUNDED IN FY 72 OR POSTPONED TO FY
73. THUS, CURRENT FUNDING TO SUPPORT YF-12 PROGRAM HAS BEEN REDUCED
FROM 963K TO 502K.
RTOP NO. 761-74-01 TITLE: YF-12 DISCIPLINARY RESEARCH
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: DUSTIN, M. O~ TEL. 216-433-4000
TECHNICAL SUMMARY
THE OBJECTIVES ARE: (1) TO EVALUATE THE CAPABILITY OF CURRENTLY
AVAILABLE COMPUTER SIMULATION TECHNIQUES TO DETERMINE DYNAMIC
CHARACTERISTICS OF A HIGH MACH NUMBER AIRCRAFT, (2) TO INVESTIGATE
ADVANCED CONCEPTS FOR IMPROVING INLET STABILITY MARGINS, AND (3) TO
STUDY THE EXISfING AIRCRAFT CONTROL SYSTEMS AND INVESTIGATE ALTERNATE
CONTROL METHODS WHICH CAN BOTH IMPROVE THE PROPULSION SYSTEM
PERFORMANCE AND MINIMIZE PROPULSION SYSTEM-AIRFRAME INTERACTION.
NOTE: APPROVAL OR CANCELLATION OF YF-12 SHOCK STABILITY PROGRAM WILL
BE DEFERRED UNTIL A DECISION IS REACHED AS TO WHETHER A FLIGHT TEST
PROGRAM WILL BE CONDUCTED. THE COST ESTIMATE OF A FLIGHT TEST
PROGRAM IS REQUIRED BEFORE A DECISION CAN BE MADE. THUS, THE CURRENT
FY 72 FUNDING HAS BEEN REDUCED FROM 470K TO 70K.
RTOP NO. 761-74-02 TITLE: YF-12 RESEARCH PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: MATRANGA v G. J. TEL. 805-258-3311
TECHNICAL SUMMARY
THE YF-12 TYPE AIRPLANES ARE THE ONLY AIRPLANES IN THE FREE
WORLD WHICH ARE CAPABLE OF SUSTAINED MACH 3 FLIGHT. MAJOR AREAS OF
RESEARCH INCLUDE THE EXAMINATION OF THE HOT, FLEXIBLE STRUCTURE;
DYNAMIC INLET BEHAVIOR; AIRFRAME/PROPULSION INTERACTION; AND GENERAL
PROBLEMS RELATED TO HIGH SPEED AND HIGH ALTITUDE FLIGHT. IN THE
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STRUCTURES AREA, THERMOCOUPLES AND STRAIN GAGES HAVE BEEN INSTALLED
IN AIRPLANE 935. GROUND CALIBRATIONS WILL ALLOW FOR THE MEASUREMENT
OF HOT LOADS IN FLIGHT. FLIGHT RESULTS WILL BE COMPARED WITH NASTRAN
PREDICTED INFORMATION. DYNAMIC INLET INFORMATION OBTAINED IN FLIGHT
WILL BE COMPARED WITH RESULTS FROM A 1/3 SCALE INLET MODEL AND A FULL
SCALE INLET OPERATED IN THE WIND TUNNEL. AIRFRAME/PROPULSION
INTERACTION FLIGHT INFORMATION WILL BE RELATED TO DATA PREDICTED
USING A 1/12 SCALE AIRPLANE MODELe
RTOP NO. 761-74-03 TITLE: F-111 FLIGHT RESEARCH PROGRAM -
OPERATIONAL SUPPORT
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: GROEN, J. M. TEL~ 805~258-3311
TECHNICAL SUMMARY
THIS PROGR~M COVERS THE OPERATIONAL SUPPORT OF F-111A AIRPLANE
NO. 12 (SN 639777) WHICH IS ON LOAN TO THE FLIGHT RESEARCH CENTER AND
IS BEING USED FOR BASIC RESEARCH ON ENGINE-AIRFRAME INTEGRATION
PROBLEMS. THIS RTOP COVERS MAINTENANCE AND REPAIR AND THE
OPERATIONAL EFFORT OF THE AIRPLANE AND INSTRUMENT SYSTEMS AND ALSO
MINOR MODIFICATIONS AND CHANGES IN THE ENGINE, AIRFRAME, AND
INSTRUMENTATION.
RTOP NO. 761-74-04 TITLE: 1/3 SCALE F-15 REMOTE PILOTED VEHICLE
PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER
MONITOR: REED, R. D. TEL~ 805-258-3311
TECHNICAL SUMMARY
THIS PROGRAM INVOLVES THE DESIGN AND CONSTRUCTION OF TWO OR MORE
1/3 SCALE REMOTE PILOTED F-15 FIGHTER AIRCRAFT CONFIGURATIONS TO BE
AIRLAUNCHED, FLOWN THROUGH HIGH ANGLE-OF-ATTACK MANEUVERS AND
RECOVERED BY HORIZONTAL LANDING ON EDWARDS DRY LAKE OR BY PARACHUTE
RECOVERY. THESE VEHICLES ARE TO BE FLOWN TO GATHER NEEDED FLIGHT
DATA AT ANGLE-8F-ATTACK VALUES lTv NEAR, AND BEYOND THE AIRCRAFT
STALL OR DEPARTURE. THIS PROGRAM IS DESIGNED TO FILL A CURRENT BASIC
TECHNOLOGY GAP IN THE COMPLETE DETERMINATION OF THE
PILOT/CONTROL-SYSTEM/AIRCRAFT CHARACTERISTIC AND PRODUCE EARLY
INFORMATION LEADING TO POSSIBLE MODIFICATIONS, ADJUSTMENTS, OR
PROCEDURES WITHOUT RISK TO EXPENSIVE AIRCRAFT AND PILOT LIVES.
RTOP NO. 137-09-01 TITLE: ENVIRONMENTAL EFFECTS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS PROGRAM ARE TO ASSESS THE CHANGES CAUSED
BY ENVIRONMENTAL FACTORS COMMeN TO AERONAUTICS, E.G., NOISE, FLIGHT
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OPERATIONAL STUDIES. EXISTING MODELS OF THE CONTROL CHARACTERISTICS
OF THE PILOT APPLICABLE TO FIXED SITUATIONS WILL BE EXTENDED TO
INCLUDE REPRESENTATION OF THE ADAPTIVE CHARACTERISTICS OF THE HUMAN
PILOT. IN ADDITION, THIS PROGRAM WILL EXTEND EXISTING PILOT MODELING
RESEARCH TO INCLUDE MULTIPLE AXIS CONTROL TASKS AND STUDIES OF PILOT
PERFORMANCE WHEN MONITORING COMPLEX DISPLAYS ON AIRCRAFT WITH
AUTOMATIC FLIGHT CONTROL SYSTEMS. ANOTHER EFFORT WILL INVOLVE THE
DEVELOPMENT AND EVALUATION OF A FILM-DERIVED CONTACT ANALOG DISPLAY
FOR PROVIDING VISUAL CUES TO THE PILOT IN FLIGHT DURING AUTOMATIC
LANDINGS UNDER LOW VISIBILITY CONDITIONS.
RTOP NO. 131-61-02 TITLE: ADVANCED SIMULATION TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: GRAVES, G. B. TEt. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO INVESTIGATE THE FACTORS
REQUIRED TO PRODUCE A REALISTIC SIMULATION OF A PILOTwS TASK IN
CONTROLLING A VEHICLE IN VARIOUS SITUATIONS WHILE MINIMIZING THE
COMPLEXITY OF rHE SIMULATION EQUIPMENT. PRIMARY FACTORS TO BE
INVESTIGATED INCLUDE THE AMOUNT OF MOTION REQUIRED, THE DYNAMIC
RESPONSE OF THE MOTION BASE, THE DETAIL, RESOLUTION, AND FIELD OF
VIEW OF THE VISUAL DISPLAY, AND THE INFLUENCE OF OTHER ENVIRONMENTAL
FACTORS SUCH AS NOISE. SIMULATORS WILL BE USED TO EVALUATE MOTION
REQUIREMENTS FJR A RANGE OF FLIGHT TASKS RANGING FROM LARGE-AMPLITUDE
SUSTAINED MANEUVERS TO PRECISE CONTROL ABOUT A DEFINED FLIGHT PATH.
THE REAL-TIME DYNAMIC SIMULATOR (aDS) IS BEING MODIFIED TO ENABLE
INVESTIGATIONS iNVOLVING LARGE-AMPLITUDE, LOW-FREQUENCY MOTIONS. A
NEW FACILITY, rHE VISUAL-MOTION SIMULATOR, INCORPORATING A VISUAL
DISPLAY MOUNTED IN A COCKPIT CAPABLE OF RAPID MOTIONS ABOUT ALL AXES,
WILL BE USED TO INVESTIGATE MANEUVERS INVOLVING HIGHER FREQUENCY
MOTIONS. STUDIES WILL BEMADE UTILIZING A COMPUTER-GENERATED DISPLAY
TO EVALUATE VISUAL DISPLAY REQUIREMENTSo THE RESULTS OF THESE
RESEARCH STUDIES WILL BE USED TO DEFINE MINIMUM SIMULATION
REQUIREMENTS FJR VARIOUS TASKS. THESE REQUIREMENTS WILL BE COMPARED
WITH THE CAPABILITIES OF EXISTING AIRLINE TRAINING SIMULATORS. PILOT
EYE MOTION EQUIPMENT WILL BE DEVELOPED AND USED IN COMBINED
VISUAL-MOTION STUDIES TO AID IN EVALUATING THE REALISM OF THE
SIMULATION SYSTEMS.
RTOP NO. 138-60-02 TITLE: AIRCRAFT ELECTRICAL POWER SYSTEM
TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SCHWARZ, F. C. TEL. 216~433-6131
TECHNICAL SUMMARY
THE OBJECTIVE OF THE RESEARCH DESCRIBED HEREIN IS TO REDUCE COST
_THROUGH IMPROVEMENTS IN THE STATE-OF-THE~ART OF AIRCRAFT ELECTRICAL
SYSTEMS TECHNOLOGY. THE IMPROVED TECHNOLOGY WILL PROVIDE A
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SUBSTANTIAL INCREASE IN RELIABILITY. INCREASED RELIABILITY WILL
REDUCE COSTS THROUGH REDUCED MAINTENANCE REQUIREMENTS AND REDUCED
REQUIREMENTS FOR GROUND SUPPORT EQUIPMENTe THE IMPROVED TECHNOLOGY
WILL INCREASE THE KW/KG RATIO OF THE AIRBORNE ELECTRICAL SYSTEM. THE
WEIGHT SAVED THEREBY PERMITS INCREASED AIRCRAFT PAYLOAD e REDUCING THE
COST PER KG OF PAYLOAD. THE TECHNOLOGY DEVELOPED WILL BE APPLICABLE
TO ALL COMMERCIAL, MILITARY AND PRIVATE AIRCRAFT. THE APPROACH IS TO
GENERATE AN AIRCRAFT ELECTRIC SYSTEM TECHNOLOGY BY TaE SIMULTANEOUS
OPTIMIZATION OF ELECTRICAL SYSTEM SUBSYSTEMS AND COMPONENTS TO MEET
THE PROGRAM OBJECTIVES OF GREATER RELIABILITY AND INCREASED POWER TO
MASS RATIO. THE PROGRAM WILL PROCEED IN THE FOLLOWING STEPS: 1.
STUDY EXISTING AIRCRAFT ELECTRICAL SYSTEMS TO DEFINE THOSE AREAS
WHERE TECHNOL03ICAL ADVANCES WILL BE OF SUBSTANTIAL BENEFIT. 2.
CONDUCT RESEARCH TO OBTAIN THE REQUIRED TECHNOLOGY TO REALIZE THE
BENEFITS OF 1. ABOVE.
RTOP NO. 138-60-08 TITLE: AIRCRAFT SECONDARY POWER SYSTEMS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: MACOSKO, R. P. TEL. 216-433-4000
TECHNICAL SUMMARY
THE SECOND~RY-POWER-SYSTEM PROGRAM IS DIRECTED AT PROVIDING THE
TECHNOLOGY TO IMPROVE FUTURE COMMERCIAL AIRCRAFT, PRIMARILY FROM
LOWER OVERALL AIRCRAFT COST OF OWNERSHIP. IMPROVEMENTS IN THE AREAS
OF RELIABILITY, SAFETY, AND NOISE WILL ALSO BE CONSIDERED. THE
PROGRAM INCLUDES (A) SECONDARY-POWER-SYSTEM STUDY, (B) COMPONENT
DESIGN AND FABRICATION, eC) TESTING OF SUBSYSTEMS AND COMPONENTS AT
LEWIS, AND (D) _THE ASSEMBLY AND TEST OF A COMPLETE SECONDARY-POWER
SYSTEM, IF REQUIRED. INITIALLY, SECONDARY-POWER REQUIREMENTS FOR THE
WIDE-BODY CLASS OF AIRCRAFT (747, DC-10, L-1011) WILL BE USED IN A
SYSTEM STUDY TO IDENTIFY KEY SYSTEM AREAS FOR IMPROVEMENT AND THE
RELATIVE GAINS TO BE MADE OVER EXISTING COMMERCIAL AIRCRAFT SYSTEMS.
THIS STUDY WILL BE PERFORMED AS PART OF EXISTING CONTRACT
NAS3-14367; UNTIL NOW, THIS STUDY HAS BEEN DIRECTED PRIMARILY AT
IMPRbvEMENTS IN AIRCRAFT ELECTRICAL SYSTEMS. THE FINAL RESULT WILL
BE TECHNOLOGY FOR IMPROVED SECONDARY-POWER SYSTEMS. TWO NEEDED AREAS
OF COMPONENT IMPROVEMENT HAVE BEEN IDENTIFIED TO DATE: INVESTIGATION
OF AN INTEGRATED ENGINE GENERATOR IS BEING PLANNED FOR FY '72, AND
IMPROVEMENT OF THE AUXILIARY POWER UNIT IS PLANNED FOR FY '73. BOTH
OF THESE PROGRAMS WILL RELAY ON THE ABOVE SYSTEMS STUDY TO DEFINE
REQUIREMENTS AND GOALS.
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H'I'OP NOo '~12",02~20 'I'I'r:LE~ QUANTUN ~~I,ECTRONICS
ORGANIZATION~ JET PROPULSION LABORATORY
E!ONI'I'OE :LUCAS p Jo ~'1c TBL. 213'-354~4530
TEcHNICAL SUMMARY
THE LGNG~RANGE OBJECTIVE OF THIS PROGRAM IS TO INVESTIGATE
EX2ERIBENTAl PHENOMENA ASSOCIA1ED WITH POPULATION INVERSION IN
NUCLEAR ZEEMAN LEVELS AND TO STUDY THE FEASIBILITY OF USING THIS
PHENOMENA FOR A RADIO FREQUENCY TYPE OF LASER. WE WILL HENCEFORTH
REiER TO THIS DEVICE AS A RASER (BADIO FREQUENCY AMPLIFICATION BY
STIMULATED EMISSION OF RADIATION). A DEVICE SUCH AS A RASER WOULD
HAVE MAN! APPLICATIONS SUCH AS A VEHY STABLE RADIO FREQUENCY SOURCE
AND AS A LOW NJISE RADIO FREQUENCY PREAMPLIFIER FOR SPACE
COBNUNICATIONSo THE OPTICAL CSCILLATOR THAT IS A LASER OR RASER
N IRES A WORKING MEDIUM WITH A NEGATIVE ABSORPTION COEFFICIENT FOR
THE DESIRED OUTPUT OF INCIDENT RADIATION. THIS IS USUALLY PROVIDED
BY PRODUCING SIGNIFICANT POPULATION INVERSIONS IN AN ELECTRONIC
ENERGY LEVEL S~STEM OF SOME MATERIAL. FOR SUCCESSFUL LASER OR RASER
ACTION MERE POPULATION INVERSION IS NOT A SUFFICIENT CONDITION FOR
THE OPERATION JF THE DEVICE o BUT THE POPULATION INVERSION MUST BE OF
A DEGREE THAT ~NY LOSSES IN THE SYSTEM ARE OVERCOME. THE NUCLEAR
ZEEMAN LEVELS PROVIDE AN ACTIVE MEDIUM BY WHICH POPULATION INVERSIONS
MAY BE SUSTAINED SO AS TO PROVIDE A MEANS OF PRODUCING A QUANTUM
RADIO FREQUENCY AMPLIFIER-OSCIILATOR~ COUPLING THE INVERTED
POPULATION SYSTEM TO THE EXTERNAL ENVIRONMENT CAN BE DONE QUITE
EASILY liITH STANDARD TUNED RADIO FREQUENCY CIRCUITS. THE MAIN
TECHNICAL PROBLEM AND THE ONE WHICH WE PROPOSE TO INVESTIGATE IS THE
METHOD OF PRODUCING A SUFFICIENT POPULATION INVERSION SO AS TO
SUSTAIK OSCILLATIONS IN THE SYSTEM.
FTOJ? NC, 1-(2~02~2" TIT'LE~ ELECTBOlii WAVE INTERACTION AND
ELECTROMAGNETIC RESEARCH
ORGANIZATION~ LEBIS RESEARCH CENTER
MONITOR~ LAURENCE g J. c. TELQ 216~433-4000
TECHNICAL SUNNARY
THE PRIMARY. OBJECTIVE OF THE LEwIS PROGRAM IS TO ACHIEVE
INTENSE~ 8AGNETIC FIELDS IN LARGE VOLUME WITH A MINIMUM MASS AND
POWER REQUIREBENTc PROGRESS TOWARD THIS OBJECTIVE REQUIRES BOTH BASIC
AND APPLIED RESEARCH ON WAYS TO IMPROVE THE CURRENT DENSITY g
OPERATING TEMPERATURE c AND STRENGTH OF SUPERCONDUCTING MATERIALS
SUITABLE FOR USE IN LARGE COILS. A SECOND OBJECTIVE IS TO ACHIEVE
BETTER UNDERSTANDING OF THE PHYSICAL PROCESSES INVOLVED IN CONDUCTION
OF ELECTRICITY BOTH IN THE NORMAL AND THE SUPERCONDUCTING STATE, WITH
A VIEW TO IMPRJVING THE PERFORMANCE OF ELECTRICAL COMPONENTS OF
AEROSPACE POWER AND PROPULSION SYSTEMS. SUPERCONDUCTORS WILL BE
STUDIED THEOREfICALLY AND EXPERIMENTALLY ON BOTH PHYSICS AND
ENGINEERING LEVELS" IN NORMAL METALS AND SEMICONDUCTORS THE
GALVANOMAGNETIC EFFECTS (MAGNETORESISTANCE. HALL EFFECT~
MAGNETOTHERMAL EFFECTS Q ETCo) WILL BE STUDIED r ESPECIALLY IN HIGH
FIELDS WHERE LANDAU QUANTIZATION IS IMPORTANT. THE PROCESSES OF
EXCITATION AND DISSOCIATION OF GASES IN STRONG ELECTRIC AND MAGNETIC
FIELDS HILL BE STUDIED. THE INTENT IN EACH AREA WILL BE TO
UNDERSTAND AND TO DEVELOP MATERIALS AND PROCESSES WITH UNIQUE
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CHARACTERISTICS FOR SPECIFIC APPLICATIONS. VARIOUS FORMS OF
SUPERCONDUCTORS (WIRE, RIBBON If COMPOSITES, ETC.) WILL BE TESTED IN
SHORT SAMPLES AND IN ACTUAL COILS TO ASCERTAIN RELATIVE MERITS OF
DIFFERENT MATERIALS AND CONSTRUCTION TECHNIQUES~ IMPROVED
SUPERCONDUCTING COMPOSITES WILL BE SOUGHT BY ANALYTIC AND
EXPERIMENTAL METHODS IN ORDER TO IMPROVE SUPERCONDUCTING MAGNETS.
THE HIGH FIELD SUPERCONDUCTING AND CRYOGENIC MAGNETS, DEVELOPED IN
THE L ERC MAGNET ~
RTOP NO. 112-02-22 TITLE: PLASMADYNAMICS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS u J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE IS TO ADVANCE UNDERSTANDING OF THE
BEHAVIOR OF IONIZED GASESo THE LONG-RANGE PURPOSE IS THE UTILIZATION
OF NUCLEAR ENERGY IN SPACECRAFT APPLICATIONS. THE WORK WILL
EMPHASIZE ADVANCEMENT OF KNOWLEDGE OF (A) ION MOLECULE INTERACTIONS,
(B) ELECTRON IMPACT SPECTROSCOPY, (C) CHEMICAL KINETICS SUCH AS RATES
OF DISSOCIATION, IONIZATION, AND RECOMBINATION, (D) THE MOTION OF
PLASMAS IN ELE:TROMAGNETIC FIELDS, AND (E) THE PHYSICS OF THERMIONIC
CONVERTER S. SPECIFIC TOPICS IN FY 172 ARE: (1) ENERG Y TRANSFER
MECHA NI SM S IN WEAKLY IONIZED PLAS MA, (2) CROSS- SECTIONS FOR
ELECTRON-MOLECULE (ATOM) COLLISION PROCESSES, (3) RATE PROCESSES AND
RADIATIVE TRANSPORT IN PARTIALLY IONIZED GASES FOR MAGNETOGASDYNAMIC
LASERS, NUCLEAR LASERS, AND NONEQUILIBRIUM MHD GENERATORS, (4)
PRODUCTION OF POPULATION INVERSIONS FOR HIGH POWER LASERS, (5)
IMPROVEMENT OF ELECTRIC OUTPUT, EFFICIENCY AND RELIABILITY OF
THERMIONIC CONVERTERS, AND (6) INVESTIGATION OF A THERMIONIC CESIUM
DIODE SWITCH. APPLICATIONS ARE FOR MHD GENERATORS FOR NUCLEAR POWER
CONVERSION, GAS CORE NUCLEAR REACTORS, NUCLEAR LASERS AND HIGH POWER
LASERS, AND THERMIONIC POWER CONVERSION.
RTOP NO. 112-02~22 TITLE: PLASMA DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE FORMATION OF A DENSE PLASMA FOCUS OBTAINED BY MEANS OF A
COAXIAL PLASMA ACCELERATOR AND POTENTIAL APPLICATIONS OF THE PLASMA
FOCUS WILL BE INVESTIGATED. IN PARTICULAR, THE APPLICATION OF THE
PLASMA FOCUS FJR RESEARCH RELATING TO NUCLEAR SPACE PROPULSION WILL
BE STUDIED. THE PLASMA PRODUCED IN THE FOCUS IS EXTREMELY HOT, ABOUT
80 MILLION DEGREES K, AND VERY DENSE, 10 TO THE 19TH POWER PARTICLES
PER CUBIC CENTIMETER. WHEN DU~ERIUM IS USED AS A FILLING GAS THE
PLASMA FOCUS IS A COPIOUS SOURCE OF NEUTRONS AND HARD X-RAYS. ADDING
TRITIUM WILL RESULT IN AT LEAST TWO ORDERS OF MAGNITUDE INCREASE IN
THE NEUTRON PRODUCTION. PRESENTLY THE PLASMA FOCUS HAS THE BEST
AVAILABLE FUSIJN PLASMA AND STUDIES OF THIS PHENOMENA WILL YIELD
IMMEDIATELY USEFUL INFORMATION ABOUT THE HEATING MECHANISMS, EFFECTS
OF RADIATION, PLASMA-WALL INTERACTIONS, RADIATION SHIELDING, AND
MATERIALS TO BE USED FOR A FUSION REACTOR. SINCE THE PLASMA FOCUS
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CAN BE PRODUCED WITH A CONSIDERABLE A~OUNT OF IMPURITIES q THE EFFECTS
OF FISSION PRODUCTS ON A HOT PLASMA MAY BE STUDIED BY MIXING A
URANIUM-RICH GAS WITH DEUTERIUM~ SUCH A URANIUM-DETERIUM MIXTURE AS
THE WORKING GAS MAY ALSO ALLOW AN EVALUATION OF THE FEASIBILITY OF A
FUSION-FISSION HYBRID NUCLEAR REACTOR FOR USE IN A HYBRID NUCLEAR
ROCKET. IN ADDITION, THE SPECTRAL EMISSION OF HIGHLY-IONIZED URANiuM
WILL BE INVESTIGATED.
RTOP NO. 112-02-22 TITLE: PLASMA DYNAMICS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: RAYLE, W. D. TEL o 216~433-6203
TECHNICAL SUMMARY
RESEARCH IS DIRECTED TOWARD GAINING UNDERSTANDING OF PLASMA
BEHAVIOR IN USEFUL RANGES OF DENSITY g TEMPERATURE, AND MAGNETIC FIELD
STRENGTHS. THE AIM IS TO GAIN THE ABILITY TO GENERATE v CONFINE, AND
MANIPULATE PLASMAS OF DESIRABLE CHARACTERISTICS IN WAYS RELEVANT TO
POTENTIAL APPLICATIONS OF IMPORTANCE TO NASA PROGRAMS. THEORETICAL
AND EXPERIMENTAL TOOLS WILL BE INVESTIGATED AND DEVELOPED TO IMPROVE
OUR UNDERSTANDING AND TO CHECK THAT UNDERSTANDING WITH SPECIFIC
EXPERIMENTS. APPLICATIONS FOR THE KNOWLEDGE SOUGHT ARE WIDESPREAD,
INCLUDING MHD POWER GENERATION, PLASMA THRUSTERS AND THERMONUCLEAR
PLASMAS. EXPERIMENTALLY, THE APPROACH IS FIRST TO IDENTIFY SPECIFIC
PLASMA PROCESSES RELEVANT TO SPECIFIC POTENTIAL APPLICATIONS,
CONCERNING WHICH THE PRESENT STATE OF KNOWLEDGE IS INADEQUATE. THEN
TO DEVISE MEANS BY WHICH A PLASMA DEMONSTRATING SUCH A PROCESS MAY BE
GENERATED AND DIAGNOSED. AMONG THE PLASMA PROCESSES BEING STUDIED
EXPERIMENTALLY AND/OR THEORETICALLY ARE LOSS~CONE INSTABILITIES 6
NON-EQUILIBRIUM IONIZATION, INTERACTION OF FLOWING PLASMAS WITH
MAGNETIC FIELDS, TURBULENCE AND DIFFUSION, PLASMA WAVE INTERACTIONS
FOR PLASMA HEArING AND AS DIAGNOSTIC TOOLS, AND PLASMA ION HEATING
PROCESSES.
RTOP NO. 112-02-22 TITLE: PLASMA DYNAMICS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEte 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO ADVANCE THE UNDERSTANDING OF
THE GENERATION, CONTAINMENT, AND MANIPULATION OF PLASMA,
ELECTROMAGNETI~ FIELD INTERACTIONS WITH PLASMAS, AND THE INTERACTION
OF SOLAR WIND WITH SPACE MAGNETIC FIELDSc SPECIFICALLY, THE WORK WILL
BE CONCERNED WITH THE ADVANCEMENT OF THE PLASMA PHYSICS FOR THE
PRODUCTION OF HIGH ENTHALPY GAS FLOWSo IDENTIFICATION OF SPECTRAL
LINES AND THE DETERMINATION OF LINE SHAPES, TRANSITION PROBABILITIES,
ETC., AND COMPUTER SIMULATIONS OF PLASMA PARTICLE DYNAMICS. THIS
INFORMATION WILL HAVE APPLICATION IN MANY FIELDS INCLUDING SIMULATION
IN PLANETARY ENTRY HEATING ENVIRONMENTS, ELECTROMAGNETIC PROPULSION,
SPACE POWER GENERATION, LASER POWER, LASER COMMUNICATIONS, AND SOLAR
PHYSICSo
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TITLE: NUCLEAR PHYSICS
RESEARCH CENTER
J. Wo TEL. 216-433-4000
RTOP NOo 112-02-23 TITLE: NUCLEAR PHYSICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, Co Ho TELo 703-827-2893
TECHNICAL SUMM~RY
EXPERIMENTALLY MEASURE THE PROBABILITY OF PRODUCING prONS g
PROTONS e DEUTERONS AND OTHER CHARGED SECONDARIES OF HIGHER MASS g THAT
RESULT FROM THE INTERACTION OF INTERMEDIATE ENERGY PROTONS AND ALPHA
PARTICLES WITH VARIOUS NUCLElo EXPERIMENTALLY DETERMINE g FOR THE SAME
PARTICLES g THEIR MOMENTUM, ENERGY AND ANGLE OF EMISSION TO OBTAIN
ACCURATE VALUES OF THE DIFFERENTIAL NUCLEAR CROSS SECTION~ DEVELOP
AND MAINTAIN CJMPUTATIONAL METHODS OF DATA REDUCTION AND ANALYSIS TO
EVALUATE THEORETICAL MODELS THAT TRY TO PREDICT BOTH THE TYPE OF
NUCLEAR INTERACTIONS AND THEIR CROSS SECTIONSo DEVELOP A
MULTI-DISCRETE WIRE PROPORTIONAL COUNTER o AS PART OF A CHARGED
PARTICLE DETECfION SYSTEM, AND THE NECESSARY ELECTRONIC LOGIC AND
COMPUTER PROGRAMS, TO BE USED TO IDENTIFY INDIVIDUAL NUCLEI WITH MASS
UP TO ABOUT 12 AMU, AND DEDUCE THEIR MOMENTUM AND ENERGYo THE
EXPERIMENTS TO MEASURE THE NUCLEAR DIFFERENTIAL CROSS SECTION WILL BE
CARRIED OUT AT PARTICLE ACCELERATORS THAT CAN ACCELERATE PROTONS AND
ALPHA PARTICLES TO ENERGIES GREATER THAN 500 MEV~
RTOP NO. 112-02-23
ORGANIZATION: LEWIS
MONITOR: BLUE,
TECHNICAL SUMMARY
PROJECT 1. EFFECTS OF NUCLEAR RADIATIONS ON MATERIALS COVERS
CHARGED PARTICLE IRRADIATION OF HYDROGEN GAS FOR CONVERSION STUDIES f
FUSED SILICA FOR TRANSPARENCY5 UF6 GAS FOR RADIATION FROM FISSION
FRAGMENTS AND ION EXCHANGE MATERIAL TO DETERMINE ITS CHANGE IN
CAPACITY. PROJECT 2. THEORETICAL STUDIES OF NUCLEAR REACTIONS AIM AT
IMPROVING THE ACCURACY WITH WHICH NUCLEAR REACTIONS CAN BE
CALCULATEDo THE OBJECTIVE IS TO PROVIDE BETTER DATA FOR SHIELDING
CALCULATIONS. PROJECT 3. EXPERIMENTAL STUDIES OF NUCLEAR REACTIONS
ARE INTENDED T~ PROVIDE DATA TO TEST THE THEORIES ?ENERATED IN
PROJECT 2. PRJJECT 40 MEASUREMENT OF PHENOMENA RELATED TO REACTOR
TECHNOLOGY INVJLVES NEUTRON SPECTRA MEASUREMENTS OF A REACTOR OR OF
NEUTRON SOURCES SURROUNDED BY VARIOUS SHIELD AND REFLECTOR
CONFIGURATIONS. PROJECT 50 TECHNOLOGICAL APPLICATIONS OF NUCLEAR
PHYSICS ARE STUDIED FOR THEIR USE IN SPACE TECHNOLOGY g MEDICAL
APPLICATIONS AND POLLUTION PROBLEMS. PROJECT 6. VERY LOW
TEMPERATURE STUDIES OF THE PROPERTIES OF HE3 AND HE4 ARE BEING
STUDIED AS TEST OF QUANTUM THEORY AND ALSO TO PROVIDE A LOW
TEMPERATURE REGIME FOR NUCLEAR ALLIGNMENT.
RTOP NO. 112-27-10 TITI,E: ISOTOPE BRAYTON CONVERSION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: PACKE Q D. R. TEL. 216-433~4000
TECHNICAL SUMMARY
THE ISOTOPE BRAYTON CONVERSION TECHNOLOGY PROGRAM IS TO PROVIDE
A BROAD TECHNOLOGY BASE FOR A HIGHLY RELIABLE, LONG LIVEDo AND VERY
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EFFICIENT SPACE POWER CONVERSION SYSTEM WITH ELECTRICAL POWER
APABILITY liP TO THE MULTIPLE KILOWATTS AND WHICH ARE SUITABLE FOR
OpERATION WITH ISOTOPE HEAT SOURCESo TYPICAL MISSIONS FOR THIS TYPE
OF POWER SYSTEM WOULD INCLUDE MANNED SPACE STATIONS~ MANNED LUNAR
MISSIONS g AND UNMANNED MISSIONS. DEVELOPMENT UNDER THIS RTOP, UNDER
RTOP 112-27-11, AND ISOTOPE HEAT SOURCE DEVELOPMENT UNDER AEC
COGNIZANCE WILL PROVIDE A TECHNOLOGY BASE FOR ISOTOPE BRAYTON TO MEET
A SPECTRUM OF FUTURE MISSION POWER NEEDS UP TO THE MULTIPLE KILOWATT
LEVEL. THE TECHNOLOGY PROGRAM PRESENTLY INVESTIGATES A POWER
CONVERSION SYSTEM WHICH PRODUCES 2-15 KILOWATTS OF ELECTRIC POWER~
THIS SYSTE~ IS PRESENTLY UNDERGOING PERFORMANCE AND ENDURANCE TESTING
IN THE PLUM BROOK SPACE POWER FACILITY USING AN ELECTRICALLY HEATED
HEAT SOURCE. DURING CY 1972 THE SYSTEM WILL BE INSTALLED AT THE
HARSHAIL SPACE FLIGHT CENTER FOR TESTING FROM A uUSERII VANTAGE
AGIU:N s~r t, USER Ii REQUIREMENTS. LAT ER J7 WHEN THE ISOTOPE HEAT SO UR CE
~RTOP 112~27-11) IS READY u IT WILL BE MATED TO THE SYSTEM AND TESTED
IN THE PLUM BROOK SPACE POWER FACILITYo IN ADDITION TO THE POWER
CONVERSION SYSTEM TEST ITSELF, THE IBCT PROGRAM INCLUDES PERFORMANCE
AND ENDURANCE TESTING OF INDIVIDUAL COMPONENTS AND SUBSYSTEMS~ AS A
MINIMUM GOAL FJR ENDURANCE DEMONSTRATION, MOST COMPONENTS WILL BE
TESTED FOR 20 0 000 HOURS AND THE COMPLETE POWER CONVERSION SYSTEM WILL
ACCUMULATE 5000 HOURS.
H'I'OP NOc 112-27-11 TITLE~ ISOTOPE BRAYTON THERMAL ENERGY SUBSYSTEM
TECHNOLOGY
ORGANIZATION~ LEWIS RESEARCH CENTER
MONITOR~ WINTUCKY g Wo To TELo 216-433-6844
TECHNICAL SUflMARY
THE ISOTOPE BRAYTON (THERMAL) ENERGY SUBSYSTEM TECHNOLOGY
PROGRAM IS TO DEVELOP THE TECHNOLOGY FOR LONG-LIFE HIGHLY RELIABLE
AND EFFICIENT COMPONENTS NECESSARY TO THE GENERATION AND TRANSFER OF
THERNAL ENERGY TO THE WORKING GAS OF THE BRAYTON POWER CONVERSION
SYSTEM. THIS PROGRAM DOES NOT INCLUDE THE ISOTOPE-FUELED HEAT
SOURCES (CAPSULES) WHICH ARE THE SUBJECT OF AN AEC PROGRAM. THE
THERMAL ENERGY SUBSYSTEM LESS THE HEAT EXCHANGER IS TO PROVIDE FOR
INTACT REENTRY OF THE ISOTOPE HEAT SOURCES IN CASE OF A FLIGHT ABORT.
DEVELOPMENT UNDER THIS RTOP. UNDER RTOP 112-27-10 g AND ISOTOPE HEAT
SOURCE DEVELOPMENT UNDER AEC CCGNIZANCE WILL PROVIDE THE TECHNOLOGY
BASE FOR ISOTOPE BRAYTON SYSTEMS TO MEET A SPECTRUM OF FUTURE MISSION
POWER NEEDS UP TO THE ~ULTIPLE KILOWATT POWER LEVEL. THE ISOTOPE
BRAYTON THERMAL ENERGY SUBSYSTEM TECHNOLOGY PROGRAM AT LEWIS RESEARCH
CENTER IS AN IN-HOUSE EFFORT. A PRELIMINARY DESIGN WAS OBTAINED FROM
A CONTRACTED SrUDY. THE PRESENT TECHNOLOGY PROGRAM INCLUDING THE
HEAT SOURCE REENTRY VEHICLE. HEAT SOURCE HEAT EXCHANGER AND
ASSOCIATED DUCTING IS TO IDENTIFY AND ADDRESS AS EARLY AS PRACTICAL
THOSE TASKS wHICH ARE ESSENTIAL TO VERIFYING THE THERMAL ENERGY
SUBSYSTEMo A rHERMAL PROTOTYPE 25 KW THERMAL ENERGY SUBSYSTEM WILL
BE FABRICATED IN-HOUSE FOR TECHNOLOGY TESTING WITH EITHER A BRAYTON
ENGINE SIMULATOR OR THE BRAYTON POWER CONVERSION SYSTEM IN THE PLUM
BROOK SPACE PO~ER FACILITY USING ELECTRICALLY SIMULATED ISOTOPE HEAT
SOURCES.
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RTOP NO. 112-27-12 TITLE: REACTOR-BRAYTON CONVERSION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ENGLISH, R. E. TEL. 216-433-6949
TECHNICAL SUMMARY
THE REACTOR-BRAYTON CONVERSION TECHNOLOGY PROGRAM IS DIRECTED AT
PROVIDING A BRJAD TECHNOLOGY BASE IN THE UTILIZATION OF THE BRAYTON
CYCLE Foa CONVERTING THERMAL TO ELECTRICAL POWER. THE TECHNOLOGY TO
BE EXPLORED IN:LUDES ADVANCED-CONCEPT GAS-LUBRICATED BEARINGS e
INORGANIC HIGH TEMPERATURE ALTERNATOR INSULATION a IMPROVED EFFICIENCY
TURBINE AND COMPRESSOR g DIFFUSION-BONDED ALTERNATOR ROTOR r
LOW-PRESSURE-DROP HEAT EXCHANGERS r LOW-NOISE SPEED CONTROL AND
VOLTAGE REGULATOR g AND THE SYSTEM TECHNOLOGY TO DEMONSTRATE ALL
COMPONENTS FUNCTIONING IN CONCERT. THIS PROGRAM IS INTENDED TO
PROVIDE THE NECESSARY TECHNOLOGY TO PERMIT A MISSION USER TO
CONFIDENTLY SELECT A REACTOR-BRAYTON POWER SYSTEM FOR USE IN FUTURE
MANNED AND UNMANNED MISSIONS REQUIRING ELECTRICAL POWER LEVELS FROM A
FEW TENS OF KILOWATTS TO A FEW HUNDRED KILOWATTS. A REACTOR-BRAYTON
SYSTEM WOULD PROVIDE THE MISSION USER A HIGHLY RELIABLE, LONG LIFE
(I.E. 5TO 10 YEARS), HIGH EFFICIENCY, (I.E. 20 TO 25 PERCENT) SPACE
POWER SYSTEM WHEN USED WITH A REACTOR HEAT SOURCE. THE PROGRAM
INCLUDES (A) TECHNOLOGY Q COMPONENT 8 AND SYSTEM DEFINITION AND
ANALYSIS, CB) EARLY PROCUREMENT OF A 100 KWE ROTATING UNIT AND
ASSOCIATED HEAT EXCHANGER AND DUCTING ASSEMBLY FOR PERFORMANCE AND
LIFE PROOF OF TECHNOLOGY TESTING IN AN EXPERIMENTAL GAS LOOP, (C)
EVENTUAL ASSEMBLY OF A POWER CCNVERSION SYSTEM USING THIS EQUIPMENT
AND ITS CHECKOUT AND TEST USING ELECTRICAL HEAT, AND FINALLY TESTING
OF THIS POWER :ONVERSION SYSTEM WITH THE ZIRCONIUM-HYDRIDE REACTOR.
RTOP NO. 112-27-13 TITLE: ADVANCED NUCLEAR RANKINE POWER SYSTEM
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ENGLISH r R. E. TEL. 216-433-6949
TECHNICAL SUMMARY
SEVERE BUDGETARY RESTRAINTS IN FY 1972 PRECLUDE THE START OF ANY
OUTSIDE OR FUNDED ACTIVITIES. THEREFORE g AN ORDERLY COMPLETION AND
DOCUMENTATION JF THE ACTIVE TASKS IS REQUIRED. THE LATTER INCLUDES
THE SINGLE-TUBE BOILER DEVELOPMENT PROGRAM AND THE WET-VAPOR
STEAM-TURBINE PLOW STUDY. THE BOILER TEST FACILITY WILL BE
"MOTH-BALLED" FOR POTENTIAL USE ON HIGH-TEMPERATURE LIQUID-METAL WORK
REQUIRED FOR OTHER NUCLEAR POWER SYSTEMS. A LOW-LEVEL IN-HOUSE
EFFORT WILL BE CONTINUED ON ANALYSES OF SYSTEMS AND COMPONENTS USING
CURRENT AND PRJJECTED IMPROVEMENTS IN MATERIALS AND FABRICATION
TECHNIQUES.
RTOP NO. 112- 27 -14 TITLE: THERMIONIC SYSTEM TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: BREITWIESER w R. TEL. 216-433-4000
TECHNICAL SUMMARY
NUCLEAR POijERED THERMIONIC SYSTEMS ARE OF INTEREST FOR SPACE
POWER GENERATIJN. LEWIS WILL CONTINUE ITS SUPPORT OF THE IN-CORE
THERMIONIC PROGRAM. MOST OF THE PROGRAM WILL BE FOCUSED ON ACHIEVING
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PHYSICAL STABILITY OF TUNGSTEN CLAD FUEL ELEMENTS AT HIGH BURNUP
CONDITIONS. THERMIONIC CONVERTER WORK WILL BE DIRECTED TOWARDS
ACHIEVING ENHANCED ELECTRICAL PERFORMANCE BY THE USE OF BETTER
EMITTER AND COLLECTOR MATERIALS. THE CONVERTERS WILL USE WELL
CHARACTERIZED ELECTRODES AND WILL BE EVALUATED BY AN AUTOMATIC DATA
PROCESSER THAT PROVIDES AN EXTENSIVE EASILY USED COMPILATION OF
PERFORMANCE DATA. WORK WILL CCNTINUE ON MATERIALS WORK FOR
THERMIONIC SYSTEM COMPONENTS, DEVELOPMENT OF APPROPRIATE REFRACTORY
METAL ALLOYS p AND FUEL ELEMENT FABRICATION. BECAUSE THE STATE OF THE
ART IS NOT SUCH THAT SUCCESS OF THE IN-CORE INTERNALLY-FUELED REACTOR
IS ASSURED, A LOW LEVEL EFFORT IN TERMS OF THE DOLLAR INVOLVEMENT
WILL BE CONTINUED ON TECHNOLOGY RELATED TO THE EXTERNALLY FUELED AND
THE OUT-OF-CORE REACTOR CONCEP!S.
RTOP NO. 112~27-15 TITLE~ NUCLEAR POWER REACTOR TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: KAUFMAN, S. J. TEL. 216-433-6691
TECHNICAL SUMMARY
RESEARCH IS BEING CONDUCTED TO DEVELOP THE TECHNOLOGY BASE
REQUIRED TO DEVELOP AND SUCCESSFULLY OPERATE A COMPACT FAST REACTOR
FOR USE AS THE HEAT SOURCE FOR AN ELECTRICAL POWER GENERATING SYSTEM.
THE REACTOR WILL BE COMPATIBLE WITH A VARIETY OF POWER CONVERSION
SYSTEMS AND WILL HAVE AN OPERATING LIFE AT RATED CONDITIONS OF 5
YEARS. MANNED ORBITING STATION MISSIONS WILL BE USED TO ESTABLISH
PERFORMANCE, OPERATING AND SAFETY REQUIREMENTS. THE REACTOR COOLANT
OUTLET TEMPERATURE WILL BE SET TO ENABLE THE TURBINE INLET
TEMPERATURE OF A BRAYTON TURBOGENERATING CONVERSION SYSTEM TO REACH
1600 DEGREES F. THE THERMAL OUTPUT CAPACITY OF THE REACTOR WILL BE
IN EXCESS OF 2 MEGAWATTS. THE MAJOR EFFORT CENTERS AROUND AN IN-PILE
FUEL AND MATERIAL TESTING PROGBAM p FAST SPECTRUM NEUTRONICS
EXPERIMENTS AND MATERIALS INVESTIGATIONS. THE TECHNOLOGY PROGRAM
SHOULD BE FAR ENOUGH ADVANCED BY LATE FY '73 TO ESTABLISH A FIRM
BASIC UNDERSTANDING OF THE FUEL/CLAD/COOLANT SYSTEMo
RTOP NO. 112-27-16 TITLE: NUCLEAR MERCURY RANKINE SYSTEM (SNAP-8)
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SAARI, M. J. TEL. 216-433~6638
TECHNICAL SUMMARY
THE GOAL OF THE SNAP-8 PROGRAM HAS BEEN THE DEVELOPMENT OF A
LONG-LIVED REACTOR POWER SYSTEM CAPABLE OF PRODUCING MORE THAN 35 KWE
BY USE OF THE lRH REACTOR. EVERY MAJOR COMPONENT OF THE POWER
CONVERSION SYSTEM HAS OPERATED SUCCESSFULLY FOR MORE THAN 10,000
HOURS; A COMPLETE POWER CONVERSION SYSTEM OPERATED FOR 1,320 HOURS
WITHOUT FAILURE AND A SECOND PCS WAS STARTED AND SHUT DOWN 135 TIMES.
THE DESIGN OF AN UPGRADED SYSTEM FOR COMBINED SYSTEM TESTS IN THE
SPACE POWER FACILITY WAS INITIATED. DUE TO FUNDING LIMITATIONS g THE
SNAP-8 DEVELOP~ENT PROGRAM WAS TERMINATED ON OCTOBER 13, 1970, IN
ORDER TO APPLY THESE RESOURCES TO THE REACTOR-BRAYTON SYSTEM.
TERMINATION ACTIVITIES HkVE BEEN INITIATED ON ALL CONTRACT AND
IN-HOUSE EFFORTS ASSOCIATED WITH THE PROGRAM.
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RTOP NO. 112-27-18 TITLE: MHW REENTRY TES'I'ING
ORGANIZATION~ AMES RESEARCH CENTER
MONITOR: GOODWIN v G. TEL. 415-961-2265
TECHNICAL SUMM~RY
TO APPRAISE REENTRY PERFORMANCE OF A MULTI-HUNDRED BATT HEAT
SOURCE AND ITS COMPONENTS. THE EFFORT INCLUDES EXPERIMENTATION ON
AERODYNAMIC STABILITY. PRESSURE v HEAT DISTRIBUTION g EATING RATE e
INTERNAL TEMPERATURE DISTRIBUTION. ABLATION. AND THERMAL STRESS; AND
EVALUATION OF TEST RESULTS. APPROACH IS EXPLORATOFtY 'I'ES'I'D!G AND
ANALYSIS IN CONJUNCTION WITH ANALYTICAL PROGRAM BY PRIME CONTRACTOR
(GENERAL ELECTRIC). TESTING OF SPECIFIC MODELS PREPARED BY THIS
CENTER AND/OR PROVIDED BY G.E.
RTOP NO. 112-27-20 TITLE: THEFrlOELECTRIC SYSTEf1 TECHNOLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: EPSTEIN e J. TEL. 301-982-4564
TECHNICAL SUMMARY
THE SUCCESS OF MISSIONS AIMED AT EXPLORING THE OUTER LIMITS OF
THE SOLAR SYSTEM WILL DEPEND HEAVILY ON THE AVAILABILITY OF STABLE q
LONG TERM RADIOISOTOPE THERMOELECTRIC GENERATORS (RTS). ACCURATE
PREDICTIONS FOR LONG TERM PERFORMANCE GREATER THAN 5 YEARS) AND THE
PRECISE DEFINlrIONS OF THE RTG CREATED ENVIRONMENT ARE REQUIRED. LItE
TEST AND EVALUATION OF SEVERAL RTG CONCEPTS AND SPACECRAFT
EXPERIMENTS FOR RADIATION AND MAGNETIC ENVIRONMENTAL COMPATIBILITY
ARE THE TASKS REQUIRED TO ENHANCE THE SUCCESS PROBABILITY OF THESE
MISSIONS. THE PROCESSES INVOLVED IN THE INTERACTIONS WITHIN THE RTG
MUST BE DETERMINED AND CONTROLLEDo THE DEVELOPMENT OF METHODS fOR
MINIMIZING THE ENVIRONMENTAL INTERFERENCE AND THE VERIFICATION OF
THESE METHODS BY EMPIRICAL MEANS ARE REQUIRED.
RTOP NOo 112-27-40 TITLE~ NUCLEAR REACTOR THERlnO~JIC SYSTEl'I
TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS e Je We TEL. 213-35L}~4530
TECHNICAL SUMMARY
THE OBJECTIVE IS TO ACHIEVE THERMIONIC REACTOR POWER SUBSYSTEM
TECHNOLOG Y RE AD INES S. THE POWER SUBSYSTEM (50 TO 300 K\~E) ~JO DID BE
USEFUL FOR ELECTRIC PROPULSION AND ELECTRIC POWER MISSIONS. THE POWER
SUBSYSTEM INCLUDES A THERMIONIC REACTOR. A RADIATOR. A NUCLEAR
SHIELD g AN ELE:TROMAGNETIC PUMP o CONTROLS o AND STRUCTURE" THE
THERMIONIC REA:TOR IS THE ONLY COMPONENT THAT REQUIRES MAJOR
TECHNOLOGY DEVELOPMENTG REACTOR TECHNOLOGY SUPPORT IS PROVIDED IN
SELECTED KEY AREAS TO HELP DEVELOP THE TECHNOLOGY AND TO DETERMINE
REACTOR CAPABILITIES. THE PRIMARY THERMIONIC REACTOR CONCEPT USES
THERMIONIC CONVERTERS WITH INTERNALLY FUELED EMITTERS. SEVERAL
CONVERTERS ARE CONNECTED IN SERIES TO FORN A iiFLASH1IGHTI~ THERMIONIC
FUEL ELEMENT. A CORE-LENGTH THERMIONIC CONVERTER WITH AN EXTERNALLY
FUELED EMITTER IS ALSO BEING INVESTIGATED AS A BACKUP THERMIONIC FUEL
ELEMENT. THE ~AJOR MILESTONES REQUIRED TO ACHIEVE IiTECHNOLOGY
READINESS" ARE SEVERAL THOUSAND HOURS OPERATION OF BOTH A FLIGHT
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PROTOTYPE THER~IONIC REACTOR AND A FLIGHT PROTOTYPE NON-NUCLEAR POWER
SUBSYSTEM WITH THE THERMIONIC REACTOR SIMULATED. EXTRAPOLATION OF
S~STEM PERFORMANCE TO FULL MISSION LIFETIME REQUIREMENTS SHOULD HAVE
RELATIVELY HIGH CONFIDENCE LEVELS WHEN IiTECHNOLOGY READINESS" IS
ACHIEVED. THE HIGH CONFIDENCE LEVEL WOULD BE PROVIDED BY OPERATING
FLIGHT PROTOTYPE THERMIONIC FUEL ELEMENTS TO FULL MISSION LIFETIMES
OR GREATER. A "FOCUS TECHNOLOGY" APPLICATION FOR AN UNMANNED NUCLEAR
ELECTRIC PROPULSION SYSTEM TO ACHIEVE A HALLEyas COMET RENDEZVOUS IN
MID FY'86 IS RECOMMENDED FOR CONSIDERATION. THE SAME SYSTEM WOULD BE
USEFUL FOR OTHER UNMANNED MISSIONS. THE SAME POWERSAME POWER
SUBSYSTEM WOULD ALSO BE USEFUL AS~---
RTOP NO. 112- 27-41 TITLE: RTG SUPPORT FOR DEEP SPACE ADVANCED
SPACECRAFT
ORGANIZATION: JET PROPULSION LABORATORY'
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
THIS TASK IS TO DEVELOP THE RTG TECHNOLOGY, AND TO PERFORM THE
DESIGN TRADEOFFS, PERFORMANCE EVALUATIONS, AND ANALYSES« NECESSARY TO
INTEGRATE HIGH PERFORMANCE RTG'S WITH ADVANCED SPACECRAFT. SUPPORTING
RESEARCH AND TECHNOLOGY WILL ALSO BE PROVIDED TO OTHER NASA CENTERS
AND TO THE ATOMIC ENERGY COMMISSION IN SUPPORT OF BOTH NEAR-TERM AND
LONGTERM MISSIJNS. THE WORK WILL BE CONDUCTED IN FOUR PARALLEL
PROGRAMS INVOLVING BOTH IN-HOUSE AND CONTRACTED EFFORTS. ESSENTIAL
TASKS IN THE PROGRAM INCLUDE (1) THE DEVELOPMENT OF SIMULATED RTG
POWER SOURCES FOR PERFORMING SUBSYSTEM INTERFERENCE AND INTEGRATION
TESTS IN THE THERMOELECTRIC OUTER PLANET SPACECRAFT (TOPS) PROJECT,
WHICH IS IN PREPARATION FOR SUBSEQUENT OUTER PLANETS MISSIONS.
CONCURRENTLY, TO EVALUATE AND INFLUENCE THE DEVELOPMENT OF THE
A.E.C.'S MHW-RTG TO CONFORM TO TOPS REQUIREMENTS AND, AT THE EARLIEST
POSSIBLE DATE, OBTAIN A PROTOTYPE MHW-RTG AND OTHER RELATED HARDWARE
NECESSARY FOR EVALUATION AND INTEGRATION TESTS ON THE OUTER PLANETS
SPACECRAFT. THE MAJOR EMPHASIS IN THIS PHASE OF THE PROGRAM WILL BE
IN SUPPORTING THE NECESSARY RTG/SPACECRAFT INTEGRATION, AND
CONDUCTING RTG OPTIMIZATION AND TRADE STUDIESe THIS PHASE WILL ALSO
ACT AS A FOCUS FO R THE OTHER TECHNOLOGY PROGRA MS, (2) A
SILICON-GERMANIUM TECHNOLOGY PROGRAM FOR THE PURPOSE OF DETERMINING
LONG-TERM HIGH TEMPERATURE SUBLIMATION MECHANISMS, MATERIAL
COMPATIBILITY, VAPOR PRESSURES, AND REACTION RATES g (3) AN IN-DEPTH
NUCLEAR RADIATION PROGRAM TO PROVIDE DATA FROM WHICH THE RADIATION
SENSITIVITY OF SPACECRAFT SUBSYSTEMS CAN BE DETERMINED, AND (~) A
THERMOELECTRIC GENERATOR EVALUATION AND IMPROVEMENT PROGRAM WHICH
WILL PROVIDEEXPERIMENTAL DATA CONCERNING THE----
RTOP NO. 112-27-42 TITLE: LIQUID METAL MHD RESEARCH
ORGANIZATION: JET PROPULSION LABORATORY'
MONITOR: LUCAS,J. W. TELe 213-354-4530
TECHNICAL SUMMARY
LIQUID METAL MHD IS A PROSPECTIVE ELECTRIC PROPULSION POWER
SYSTEM WITH NO MOVING PARTS, MODERATE SOURCE TEMPERATURE OF 1100DEGC
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(1800DEGF), AND AC OUTPUT. LITHIUM FLOWING FROM A REACTOR HEAT
SOURCE IS MIXED WITH CESIUM, CAUSING THE CESIUM TO VAPORIZE. THE
MIXTURE FLOWS THROUGH A NOZZLE AND SEPARATOR AND THE LITHIUM FLOWS
THROUGH A GENERATOR AND RETURNS TO THE HEAT SOURCE. THE CESIUM FLOWS
THROUGH A CONDENSER AND IS PUMPED BACK TO THE NOZZLE. THE SYSTEM IS
ATTRACTIVE FOR HIGH RELIABILITY AND LOW DEVELOPMENT COST. PROBLEM
AREAS REQUIRING INVESTIGATION ARE EFFICIENCY AND LIFETIME. NOZZLES
AND SEPARATORS ARE INVESTIGATED WITH WATER-NITROGEN MIXTURES,
GENERATORS WITH COLD NAK, AND CONVERTER MATERIALS WITH HOT LITHIUM.
THE APPROACH IS TO SOLVE THE PROBLEMS THAT CAN BE STUDIED WITH SUCH
SIMULATIONS AND THEN PROCEED.TO CESIUMLITHIUM CONVERTER EXPERIMENTS.
THE FY'72 OBJECTIVES ARE: (1) POWER GENERATION TO 30 KW WITH
CLOSED-LOOP NAK SIMULATING LITHIUM AND OPEN-LOOP NITROGEN SIMULATING
CESIUM VA PO R, (2) A 500-HR TE ST WITH CESIUM AND LITHIUM AT 1000 DEGC
AND 130 M/S, (3) WATER-NITROGEN FLOW TESTS AND GENERATOR AND CYCLE
ANALYSIS TO SELECT THE DESIGN FOR AN EXPERIMENTAL CS-LI CONVERTER.
RTOP NO. 112-27- 4 3 TITLE: ZRH RE ACTOR-POWER SY STEMS TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: SAARI, M. J. TEL. 206-433-6638
TECHNICAL SUMMARY
THE ZRH REACTOR-POWER SYSTEMS TECHNOLOGY PROGRAM AT LEWIS IS A
JOINT AEC/NASA EFFORT DIRECTED TOWARD PROVIDING A BROAD TECHNOLOGY
BASE TO PERMIT A MISSION USER TO SELECT A ZRH REACTOR POWER SYSTEM
FOR USE IN FUTURE MANNED OR UNMANNBD MISSIONS. A URANIUM-ZIRCONIUM
HYDRIDE (ZRH) REACTOR. PROCURED JOINTLY WITH THE AEC, WILL BE
UTILIZED TO DEVELOP A SHIELDED HEAT SOURCE SUBSYSTEM THAT COULD BE
COUPLED TO BRAYTON OR THERMOELECTRIC POWER CONVERSION SYSTEMS. THE
WORK CONDUCTED UNDER THIS RTOP PROVIDES FOR (1) THE PREPARATION OF
THE LEWIS SPACE POWER FACILITY (SPY) TO PERMIT TESTING OF THE
SHIELDED HEAT-S OURCE SUBSYSTE M" (2) THE DESIGN, PROC UREMENT, AND/OR
FABRICATION OF THE SHIELD AND COMPONENTS, OTHER THAN THE ZRH REACTOR~
THAT COMPRISE THE HEAT-SOURCE SUBSYSTEM, (3) TEST EVALUATIONS OF THE
HEAT-SOURCE SUBSYSTEM IN THE SIMULATED SPACE ENVIRONMENT OF SPF, AND
(4) BASED ON THE SUCCESSFUL DEVELOPMENT OF THE ZRH REACTOR, BRAYTON
SYSTEM (RTOP 112-27-12), AND THERMOELECTRIC SYSTEM (AEC)
TECHNOLOGIES, AN INTEGRATED TEST OF THE REACTOR HEAT SOURCE AND POWER
CONVERSION SYSTEM (BRAYTON AND/OR THERMOELECTRIC) MAY BE CONDUCTED IN
THE SPF TO OBTAIN ADDITIONAL TEST DATA TO EVALUATE THE PERFORMANCE
AND ENDURANCE CAPABILITIES OF AN INTEGRATED POWER SYSTEM.
RTOP NO. 112-28-13 TITLE: APPLICATION OF CONTROLLED THERMONUCLEAR
FUSION TO PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: RAYLE, W. TEL. 216-433-6203
TECHNICAL SUMMARY
THEORETICAL AND EXPERIMENTAL WORK WILL BE CONDUCTED TO DETERMINE
THE FEASIBILITY AND THE MAJOR PROBLEM AREAS IN THE APPLICATION OF
CONTROLLED FUSION TO SPACE PROPULSION. EMPHASIS WILL BE PLACED ON
THOSE PROBLEMS THAT SEEM MOST CRUCIAL TO THE ATTAINMENT OF USEFUL
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SPECIFIC MASSES. THE ANALYTICAL WORK WILL BE CENTERED ON THE
DEUTERIUM-HELIUM-3 REACTION WHICH HAS NO NEUTRONS AS DIRECT PRODUCTS.
THE NECESSARY CONDITIONS FOR NET POWER PRODUCTION FROM THIS REACTION
WILL BE SPECIFIED, AND THE IMPLIED FLUXES OF RADIATION AND PARTICLES
ESCAPING WILL BE EXAMINED TO DETERMINE THE REQUIREMENTS FOR SHIELDING
AND COOLING OF STRUCTURES AND COMPONENTS. PLASMA HEATING AND
CONFINEMENT STUDIES WILL BE CARRIED OUT IN MAGNETIC CONFIGURATIONS
APPROACHING THE SIZE AND STRENGTHS THAT WILL BE NEEDED IN THE SPACE
APPLICATION. THIS INVOLVES SUPERCONDUCTING CONFIGURATIONS BOTH CLOSED
AND OPEN WITH FIELD STRENGTHS OF UP TO ABOUT 7 TESLA. WHEN
SUFFICIENTLY HJT AND DENSE PLASMAS ARE ATTAINED, THEY WILL BE USED TO
STUDY THE TRANSFER OF ENERGY FROM HOT PLASMAS TO COLD PROPELLANT.
EFFORT WILL BE MADE TO REDUCE THE MASS OF SUPERCONDUCTORS AND
ASSOCIATED CRYOGENIC SYSTEMS.
RTOP NO. 112-28-20 TITLE~ FEASIBILITY OF GAS-CORE REACTORS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ROM, F. E. TEL. 216-433-4000
TECHNICAL SUMMARY
DEMONSTRATE FEASIBILITY OF STABLE CONTROLLABLE GAS-CORE NUCLEAR
PROPULSION REACTORS SHORT OF FULL-SCALE FULL-POWER FISSION HEATED
TESTS. THE GAS-CORE WORK IS COMPRISED OF A CONTINUING SERIES OF
COLD-FLOW, HOT-FLOW, OPACITY, AND NUCLEAR EXPERIMENTS. EACH
SUCCESSIVE EXPERIMENT IS DESIGNED TO INCORPORATE AND EXTEND
INFORMATION GAINED FROM PRECEEDING TESTS. EACH SUCCESSIVE TEST IS
CONDUCTED AT CJNDITIONS THAT ARE CLOSER TO EXPECTED ENGINE
CONDITIONS. THE ULTIMATE GOAL OF THE TESTS IS TO PROVIDE THE
TECHNOLOGY NECESSARY TO BUILD AND OPERATE A 1/3 SCALE MODEL OF A
GAS-CORE REACTJR. IN THIS PROPOSED 1/3 SCALE MODEL, ELECTRICAL
INDUCTION HEATING (50-100 MEGAWATTS) WOULD BE USED TO SIMULATE
NUCLEAR FISSION HEATING. THIS MODEL, WHICH WOULD SIMULTANEOUSLY
OPERATE WITH VERY LOW NUCLEAR FISSION POWER (100~1000 WATTS) WOULD
DEMONSTRATE STABLE AND CONTROLLABLE OPERATION THAT SIMULTANEOUSLY
TAKE~ INTO ACCOUNT ALL THE IN~ERACTIONS BETWEEN THE HIGH TEMPERATURE
RADIATING FISSIONING PLASMA, HYDROGEN PROPELLANT, URANIUM INJECTION
SYSTEM AND NUCLEAR CONTROL SYSTEMS.
RTOP NO. 112-29-20 TITLE: IMPROVED COMPONENTS AND MATERIALS FOR
SOLID CORE NUCLEAR ROCKET ENGINES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: JONES, W. L. TEL. 216-433-6857
TECHNICAL SUMMARY
IN ORDER TO PROVIDE BASIC TECHNOLOGY FOR IMPROVED COMPONENTS FOR
NUCLEAR ROCKET ENGINES, RESEARCH WILL BE CONDUCTED IN THE FOLLOWING
AREAS: 1. ROCKET NOZZLE COATINGS AND HEAT TRANSFER. UTILIZING A
PLASMA ARC FACILITY FOR CONCEPTUAL SCREENING AND A ROCKET ENGINE FOR
FINAL EVALUATIJN, GRADED COATINGS THAT ARE CAPABLE OF OPERATING AT
HIGH TEMPERATURES AND HEAT FLUXES WILL BE DEVELOPED. 2. IRRADIATION
EFFECTS ON SOLID LUBRICANTS. FRICTION AND WEAR TESTS WILL BE
CONDUCTED IN-PILE, OVER A RANGE OF RADIATION FLUX LEVELS AND
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TEMPERATURES, WITH THE OBJECTIVE OF DEVELOPING SOLID LUBRICANTS THAT
WILL FUNCTION EFFECTIVELY IN THE NUCLEAR REACTOR ENVIRONMENT. 3.
IRRADIATION EFFECTS ON MATERIALS. THE EFFECT OF RADIATION ON TENSILE
STRENGTH AND LOW-CYCLE FATIGUE LIFE OF VARIOUS MATERIALS THAT ARE OF
INTEREST FOR NUCLEAR APPLICATIONS WILL BE INVESTIGATED.
RTOP NO. 112-30-13 TITLE: TERMINAL TOOLS FOR SPACE TELEOPERATORS
ORGANIZATION: ~ARSHALL SPACE FLIGHT CENTER
MONITOR: THORNTON g W. G. TEL. 205-453-5530
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP ADVANCED TOOLS FOR
MANIPULATORS O~ SPACE TELEOPERATORS. A DETAILED FUNCTIONAL ANALYSIS
WILL _BE MADE OF REPRESENTATIVE TASKS ASSOCIATED WITH MAINTAINABILITY
AND MANUFACTURING IN SPACE TO DETERMINE FUNCTIONAL REQUIREMENTS OF
TERMINAL TOOLS. ENGINEERING MODELS OF REPRESENTATIVE AND PROMISING
CONCEPTS WILL BE DESIGNED, DEVELOPED AND EVALUATED UNDER LABORATORY
SIMULATED SPACE CONDITIONS. IN ORDER TO MAINTAIN REALISTIC
STAGE-TELEOPER~TOR INTERFACE RELATIONSHIPS, FULL USE WILL BE MADE OF
INFORMATION RESULTING FROM CURRENT RNS DEFINITION STUDIES, CODE
789-40; AND RNS TECHNOLOGY PROGRAM, CODE 121-30-19. GENERALLY,
CONVENTIONAL MANIPULATOR GRIPPERS WILL BE CONSIDERED AS ONLY ONE TYPE
OF TOOL, AND OTHER TYPES SUCH AS CUT-OFF TOOLS, ORBITAL WELDERS, AND
VISE-GRIPS WILL ALSO BE CONSIDERED, WITH EMPHASIS PLACED ON INTEGRITY
OF TOOLS OPERArING IN SPACE SO THAT VITAL COMPONENT PARTS CANNOT
BECOME DETACHED AND DRIFT AWAY.
RTOP NO. 112-30-14 TITLE: IISENSE-OF-PRESENCE" VISUAL SYSTEMS FOR
TEIEOPERATORS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, JQ W. TEL. 213-354-4530
TECHNICAL SUMMARY
THIS PLAN PROPOSES RESEARCH LEADING TO THE DEVELOPMENT OF
ADVANCED DESIGN CONCEPTS FOR TELEOPERATOR VISUAL SENSORY SUBSYSTEMS
AND THE DEMONSrRATION AND EVALUATION OF A BREAD-BOARD SYSTEM BY 1974.
SUBSYSTEM REQUIREMENTS WILL EE DERIVED FROM ANTICIPATED NASA
MISSIONS BOTH IN THE NEAR TERM AND DURING THE 1975 TO 1980 PERIOD.
SPECIFIC OBJEcrIVES WILL INCLUDE THE ADVANCED DEVELOPMENT OF IMAGING
SYSTEMS, COMMUNICATION AND DATA COMPRESSION METHODS AND CONTROL AND
DISPLAY TECHNIQUES REQU!RED TO GIVE THE HUMAN OPERATOR A SENSE OF
PRESENCE AT THE REMOTE SITE. THE IMAGING SYSTEM WILL ALSO PROVIDE
ADEQUATE QUALIry INFORMATION TO ALLOW ENVIRONMENT ASSESSMENT AND
ACTION PLANNING AS WELL AS PROVIDE VISUAL FEEDBACK INFORMATION FOR
REAL TIME PERF)RMANCE EVALUATION. THE INITIAL EMPHASIS DURING FY'72
WILL BE TO ESTABLISH MEANINGFUL MISSION REQUIREMENTS, TO DEVELOP
SPECIFIC DESIGN CONCEPTS NECESSARY TO MEET MISSION GOALS, AND TO
EVOLVE A SPECIFIC DESIGN APPROACH TO THE BREAD-BOARD SYSTEM. THE
RESULTING BREAD-BOARD SYSTEM TO BE BUILT AND EVALUATED BY THE END OF
FY'74 WILL INCLUDE HEAD CONTROL, ACCURATE DEPTH PERCEPTION, AND
VARIABLE RESOLUTION CAPABILITY FOR PANORAMIC ASSESSMENT, NAVIGATION,
AND MANIPULATOR CONTROL. THIS EFFORT WILL BE CLOSELY COORDINATED WITH
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ON-GOING RESEARCH IN ARTIFICIAL INTELLIGENCE AT JPL AND IN
MULTI-MOOED MANIPULATORS AT MIT AS WELL AS WITH OTHER TELEOPERATOR
EFFORTS.
RTOP NO. 112-30-19 TITLE: REUSABLE NUCLEAR STAGE TECHNOLOGY (RNS)
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: ATTAYA, H. E., JR. TEL. 205-453-1121
TECHNICAL SUMMARY
THE LONG RANGE OBJECTIVE OF THIS RTOP IS THE DEVELOPMENT OF
TECHNOLOGY FOR THE SUPPORT OF CONCEPTUAL DESIGNS OF THE RNS IN THE
AREAS OF LONG LIVED COMPONENTS AND SYSTEMS CAPABLE OF OPERATION IN A
NUCLEAR ENVIRONMENT, WITH THE CAPABILITY OF BEING TRANSPORTED BY THE
CHEMICAL SPACE SHUTTLE TO EARTH ORBIT WHERE IT WILL BE CAPABLE, DUE
TO INHERENT DESIGN, OF ASSEMBLY, CHECKOUT, LAUNCH, ,MAINTENANCE AND
REFURBISHMENT. THE FY 72 OBJECTIVES ARE FOLLOW-ON EFFORT IN AREAS OF
IN-HOUSE _INVESTIGATION OF RADIATION EFFECTS ON MATERIALS, ADVANCED
ELECTRONIC STAGE INSTRUMENTATICN COMPONENTS, NUCLEAR PROPELLANT
HEATING AND STRATIFICATION EXPERIMENT DESIGN, SLUSH HYDROGEN
PROPELLANT MEASURING INSTRUMENTATION AND OPERATIONAL TECHNIQUES,
NUCLEAR EFFECTS MEASURING INSTRUMENTATION, SHIELDING DESIGN AND DOSE
RATE CALCULATIONS, DEVELOPMENT OF PRIMARY STRUCTURES CONCEPTS,
MAINTAINABILITY CRITERIA, MAINTENANCE/REPAIR TECHNIQUES, AND
LONG-LIFE COMPONENTS FOR SUSTAINED OPERATIONS (2-5 YEAR~. THE FY 72
EFFORT WILL BE IMPLEMENTED BY COMBINATION CONTRACTUAL AND IN-HOUSE
EFFORT IN APPRJXIMATE RATIO 75/25 u RESPECTIVELY. THE EFFORT COVERED
UNDER THIS RTOP IS A CONTINUATION OF FY 71 RTOP #121-30-19, REUSABLE
NUCLEAR STAGE TECHNOLOGY.
RTOP NO. 118-06-01 TITLE: ADVANCED NUCLEAR-ELECTRTC PROPULSION
CONCEPTS AND ANALYSIS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: ~OWELL. R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO INVESTIGATE ADVANCED PROPULSION
CONCEPTS FOR USE IN PLANETARY AND INTERPLANETARY SPACECRAFT. STUDIES
ARE TO EVALUATE SYSTEM CHARACTERISTICS OVER A RANGE OF MISSION
PARAMETERS. PERFORMANCE DATA AND COST DATA WILL BE OBTAINED. WHERE
POSSIBLE, COMPARISONS WILL BE MADE TO OTHER METHODS OF PROPULSION.
NUCLEAR ELECTRIC POWER SYSTEMS WILL BE CONSIDERED FOR COMMONALITY
BETWEEN UNMANNED PROPULSION AND MANNED AUXILIARY POWER MISSIONS. BOTH
TITAN CLASS AND SHUTTLE LAUNCH VEHICLES WILL BE ASSUMED IN
DETERMINING MULTIMISSION PAYLOAD CAPABILITY.
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OFFICE OF TRACKING & DATA ACQUISITION.
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RTOP NOG 150-22-20 TITLE: TRACKING AND DATA RELAY SATELLITE
TECHNOLOGY DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: CLARK w Go QG TEL. 301-982-6331
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE FOR THE ORDERLY DEVELOPMENT OF THE
TECHNOLOGY REQUIRED TO IMPLEMENT A FIRST GENERATION TDRSS IN THE MID
TO LATE 1970'S. STUDIES WILL BE PERFORMED TO ESTABLISH CRITERIA FOR
A TDRSS. OTHER STUDIES WILL lOOK FOR SOLUTIONS TO PROBLEMS INHERENT
IN THE SYSTEM AND TECHNOLOGY WILL BE DEVELOPED WHERE REQUIRED FOR A
FIRST GENERATIJN TDRSS.
RTOP NOG 150-22-21 TITLE: NETWORK INTEGRATION AND DEVELOPMENT PLANS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SHAUGHNESSY w J. P. TEL. 301-982-2357
TECHNICAL SUMMARY
THIS TASK ADDRESSES THE TOTAL SCOPE OF PROBLEMS WHICH ARE
RELATED TO THE TECHNICAL INTEGRATION OF THE STADAN AND THE MSFN AND
THE DEVELOPMENT OF PLANS u PROGRAMS g AND TECHNIQUES REQUIRED TO UPDATE
THE NETWORK. THIS TASK WILL EMPHASIZE THOSE AREAS WHICH MAXIMIZE THE
EFFECTIVENESS JF EXISTING EQUIPMENT AND INCREASE THE COST
EFFECTIVENESS JF THE TOTAL NETWORK. ADVANCED AND STATE OF THE ART
TECHNIQUES WILL BE IDENTIFIED AND THEIR POTENTIAL IMPACT UPON THE
NETWORK WILL BE EVALUATED. SPECIFIC OBJECTIVES OF THIS TASK WHICH
WILL AFFECT ALL ELEMENTS OF THE NETWORK INCLUDING REMOTE SITES e
CONTROL CENTERS AND DATA PROCESSING/DATA HANDLING CENTERS ARE
IDENTIFIED IN THE FOLLOWING BROAD AREAS: A. INTEGRATION OF MSFN AND
STADAN NETWORKS B. NETWORK ceNTROL C. TDRS IMPACT ON THE NETWORK
RTOP NO. 150-22-22 TITLE: GODDARD TRAJECTORY DETERMINATION SYSTEM
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
o
MONITOR: KAHN~ W. D. TEL. 301-982-4554
TECHNICAL SUMMARY
THE GODDARD SPACE FLIGHT CENTER (GSFC) OPERATIONAL TRAJECTORY
DETERMINATION SYSTEM CURRENTLY IN USE FOR DEFINITIVE AND OPERATIONAL
ORBIT DETERMINATION MUST BE IMPROVED IN ORDER THAT ACCURACIES ON THE
ORDER OF ONE TJ TEN METERS CAN BE ATTAINED. SUCH ORBITAL ACCURACIES
ARE TO BE COMMENSURATE WITH ANTICIPATED TRACKING SYSTEM ACCURACIES
RESULTING FROM IMPROVED RF SYSTEMS, OPERATIONAL LASER SYSTEMS g AND
VERY LONG BASELINE INTERFEROMETER SYSTEMS WHICH WILL BE AVAILABLE IN
THE MID 1970'S. FURTHERMORE, EXPERIMENTERS WILL REQUIRE ORBITAL
ACCURACIES WITHIN THE 1- TO 10-METER RANGE FOR REDUCTION OF
EXPERIMENTAL DATA SINCE SPACECRAFT BORNE EXPERIMENT INSTRUMENTATION
WILL ALSO BE IMPROVED BY AT LEAST AN ORDER OF MAGNITUDE IN THE MID
1970'S. IN ORDER TO SUPPORT LUNAR AND PLANETARY MISSIONS AS
EXEMPLIFIED BY THE UPCOMING RADIO ASTRONOMY EXPLORER (RAE-B) LUNAR
MISSION, THE GODDARD TRAJECTORY DETERMINATION SYSTEM (GTDS) WILL BE
MODIFIED AND ~UGMENTED UNDER THE CONCEPT OF A SERIES OF MAJOR
SUBSYSTEMS IN THE AREAS OF ORBIT DETERMINATION, TRAJECTORY CONTROL e
ATTITUDE DETERMINATION AND ATTITUDE CONTROL. THE AFOREMENTIONED
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TRAJECTORY DETERMINATION SYSTEM WILL HAVE THE CAPABILITY TO FUNCTION
AS UNIQUE SUBSYSTEMS OR AS AN INTEGRATED COMPUTING SYSTEM IN BOTH A
REAL-TIME AND NONREAL-TIME ENVIRONMENT. FLEXIBILITY IN THE OVERALL
DESIGN OF THE GTDS WILL BE MAINTAINED TO ASSURE THAT APPLICATION OF
THIS SYSTEM TO FUTURE SPACE MISSIONS (PRESENTLY UNDEFINED) OF VARYING
COMPLEXITY WILL REQUIRE MINIMAl MODIFICATIONS AND/OR ADDITIONS.
RTOP NO. 150-22-23 TITLE: NETWORK SIGNAL QUALITY AND TIMING
ACCURACY IMPROVEMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: GOLDEN, T. S. TEL. 301-982-4297
TECHNICAL SUMMARY
PROGRAM CONDUCTS STUDIES AND DEVELOPS SOFTWARE AND HARDWARE
TECHNOLOGY TO IMPROVE SIGNAL QUALITY FOR SATELLITE-TO-GROUND
TELEMETRY AND TRACKING. QUALITY ENHANCEMENT WILL BE ACHIEVED THROUGH:
(1) ANALYSIS OF PHENOMENA AND DEVELOPMENT OF TECHNIQUES TO ALLEVIATE
IONOSPHERIC PRJPAGATION ANOMALIES; (2) INVESTIGATION OF TECHNIQUES TO
IMPROVE NETWORK TIME SYNCHRONIZATION TO MEET THE PLUS TO MINUS ONE
MICROSECOND RE~UIREMENT IMPOSED BY APPROVED SATELLITE EXPERIMENTS,
(3) INVESTIGATION OF SOFTWARE AND HARDWARE TECHNIQUES TO USE
DIFFERENCES BETWEEN PREDICTED AND ACTUAL SIGNAL-TO-NOISE RATIO DATA
TO SENSE RECEIVING SYSTEM DEGRADATION AND TO IDENTIFY PROPER
CORRECTIVE MEASURES TO RESTORE PEAK OPERATING CONDITION. EMPHASIS IS
PLACED ON SATISFYING KNOWN PRESENT AND FUTURE DEFICIENCIES IN THE
OPERATING NETWJRKS. SOFTWARE MODELS WILL BE DEVELOPED WHERE
APPROPRIATE. EXPERIMENTAL OR ENGINEERING MODELS OF SOME HARDWARE
WILL BE BUILT AND TESTED IN SEMIOPERATIONAL OR OPERATIONAL
ENVIRONMENTS.
RTOP NO. 150-22-25 TITLE: STUDY OF METHODS FOR AUTOMATIC COMPUTER
PROGRAM DOCUMENTATION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: DAMON, E. P. TEL. 301-982-5478
TECHNICAL SUMMARY
THROUGH NU~EROUS CURSORY INVESTIGATIONS AND A SYMPOSIUM ON
AUTOMATED METHODS OF COMPUTER PROGRAM DOCUMENTATION HELD AT GSFC ON
NOVEMBER 2 AND 3, 1970, IT IS OBVIOUS THAT A PROGRAM CAN BE WRITTEN
THAT WILL PROVIDE AN AID TO COMPUTER PROGRAMMERS IN THE DOCUMENTATION
AND STANDARDIZATION OF THIS DOCUMENTATION. THIS WILL OPERATE FROM
THE CABD DECK OR THE ASSEMBLY CODE LISTING AS PREPARED FOR COMPUTER
OPERATIONS. IT WILL PRESENT PERTINENT MATERIAL IN VARIOUS FORMATS
THAT WILL THEN BE USED WITHIN THE DOCUMENT. THE PROGRAMMER IS THEN
ONLY REQUIRED TO DESCRIBE HIS PROBLEM, HIS APPROACH, AND REFERENCES
TO THE COMPUTER PROGRAM DEVELOPMENT MATERIAL. IT IS PROPOSED THAT
THIS INITIAL STUDY WILL IDENTIFY WITHIN THE VARIOUS COMPILERS,
ASSEMBLERS, AND LOADERS PRESENTLY IN EXISTENCE WHERE THE DEFINED
INFORMATION CAN BE OBTAINED. IT WILL FURTHER PROVIDE DESIGNS OF
SPECIAL PROGRAMMING THAT WILL GENERATE INFORMATION NOT AVAILABLE AS
NOTED ABOVE. IT WILL ALSO ATTEMPT TO PRESENT AN IMPROVED FORMAT FOR
COMPUTER PROGRAM DOCUMENTATION THAT WILL BE MORE EASILY UNDERSTOOD BY
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OTHER PROGRAMMERS AND MANAGEMENT PERSONNEL.
RTOP NO. 150-22-26 TITLE: METRIC EVALUATION AND TRAJECTORY ANALYSIS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: COOLEY, J. L. TEL. 301-982-5671
TECHNICAL SUMMARY
PROVIDE COMPUTATIONAL TECHNIQUES FOR TRAJECTORY AND GUIDANCE
ANALYSIS AND METRIC TRACKING DATA FOR SPACE FLIGHT MISSIONS SCHEDULED
FOR THE MID 1970'S ERA, SUCH AS PLANETARY EXPLORER, RADIO ASTRONOMY
EXPLORER, EARTH RESOURCES TECHNOLOGY SATELLITE, SMALL METEOROLOGICAL
SATELLITE AND GEODETIC AND GEO-DYNAMIC SATELLITES. DEVELOP COMPUTER
PROGRAMS AND ANALYSIS PROCEDURES FOR IMPROVING THE QUALITY AND USAGE
OF TRACKING DATA INCLUDING PRE-FLIGHT CALIBRATION, REALTIME ANALYSIS
AND POST-FLIGHr EVALUATION. CONDUCT EVALUATION STUDIES TO ISOLATE
AND IDENTIFY TRACKING DATA ERROR SOURCES. DEVELOP COMPUTATIONAL AND
PROCEDURAL TECHNIQUES WHICH ENHANCE THE UTILIZATION OF TRACKING DATA.
DEVELOP TECHNIQUES AND COMPUTER PROGRAMS TO STUDY THE
INTERRELATIONSHIP BETWEEN THE TRACKING DATA, THE ON-BOARD GUIDANCE
SYSTEM, AND THE MISSION TO DETERMINE TRAJECTORY AND NAVIGATION
REQUIREMENTS. THIS RTOP COVERS FOUR TASKS: (A) TRAJECTORY AND DATA
ANALYSIS (B) METRIC EVALUATION OF TRACKING DATA (C) MISSION
ANALYSIS, AND (D) DEVELOPMENT OF WIDEBAND FILTER THE TECHNICAL
APPROACH COVERS THE FOLLOWING AREAS:
RTOP NO. 150-22-31 TITLE: A GROUND ANTENNA SYSTEM FOR 1 GHZ DATA
RATES
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: DURHAM, A. F. TEL. 301-982-4973
TECHNICAL SUMMARY
FUTURE ADVANCED SPACECRAFT SYSTEM WILL TRANSMIT DATA TO THE
GROUND AT RATES MUCH HIGHER THAN THAT OF CURRENT OPERATIONAL SYSTEMS.
THE EARTH OBSERVATION SATELLITE (EOS) WILL TRANSMIT HIGH RESOLUTION
COLOR TV REQUIRING A DATA BANDWIDTH OF ABOUT 100 MHZ EITHER DIRECTLY
TO A GROUND STATION OR VIA A TRACKING AND DATA RELAY SATELLITE
(TDRS). THE TDRS WILL TRANSMIT SIGNALS FROM EOSAND OTHER SATELLITES
WHICH REQUIRED TOTAL TDRS BANDWIDTHS APPROACHING 2 GHZ. EXISTING
NASA GROUND STATIONS ARE NOT EQUIPPED FOR SUCH DATA RATES. FUTURE
WIDEBAND COMMUNICATION BY TDRS, EOS AND OTHER PROJECTS, REQUIRE USE
OF FREQUENCIES AT WHICH THE NECESSARY BANDWIDTH CAN BE ALLOCATED. A
2 GHZ BANDWIDTH REQUIRES A HIGH PERFORMANCE GROUND ANTENNA SYSTEM.
EMPHASIS ON OVERALL SYSTEM EFFICIENCY WILL BE ESSENTIAL TO AN
EC~NOMICALLY FEASIBLE GROUND STATION. IN PARTICULAR, TECHNIQUES AND
COMPONENTS WILL BE DEVELOPED WHICH YIELD HIGH EFFICIENCY ANTENNA
SYSTEMS, FEED SYSTEMS AND LOW NOISE PREAMPLIFIERS. IN ADDITION,
DICHROIC SUBREFLECTOR TECHNIQUES PERMITTING SIMULTANEOUS AND
EFFICIENT OPERATION OF AN ANTENNA AT DIFFERENT FREQUENCIES WITHOUT
DEGRADATION OF OVERALL PERFORMANCE OR FLEXIBILITY WILL BE REFINED.
ANALYTICAL PROCEDURES AND DESIGN TOOLS WILL BE FURTHER DEVELOPED TO
SUPPORT THE SPECIFIC REQUIREMENTS OF THESE ADVANCED ANTENNA 'SYSTEMS
AND THE GENERAL ANTENNA DEVELOPMENT PROGRAM. IN ADDITION, THE
175
PERFORMANCE OF THE USB SYSTEM WILL BE EVALUATED WHEN OPERATING IN A
POLARIZATION SWITCHIN~ MODE AS IS PLANNED WITH THE HEAO PROJECT. IF
NECESSARY, HARDWARE AND OPERATING PROCEDURE MODIFICATIONS WILL BE
INITIATED.
RTOP NO$ 150-22-32 TITLE: HIGH RELIABILITY CONTROL SYSTEMS FOR
ANTENNAS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: WINSTON q G. C. TEL. 301-982-5626
TECHNICAL SUMMARY
CONCENTRATION OF DATA ACQUISITION RESPONSIBILITIES AND
INCREASING DATA BANDWIDTHS RESULTING FROM REDUCTION IN THE NUMBER OF
NETWORK STATIONS AND DEVELOPMEN~S SUCH AS THE TRACKING AND DATA RELAY
SATELLITE (TDRS) SYSTEM ARE PLACING GREATER LOADS ON THE NETWORK
LINKS. THUS, THE COST OF LINK DOWN TIME IS INCREASED, REQUIRING A
CORRESPONDING INCREASE IN LINK RELIABILITY. BUT THE ANTENNA CONTROL
SYSTEM IS ONE JF THE FEW COMPONENTS IN THE LINK TO WHICH REDUNDANCY
CANNOT BE ECONOMICALLY APPLIED. THE ANTENNA ELECTRIC DRIVE (IN
OPERATION AT THE NETWORK TEST AND TRAINING FACILITY (NTTF) FOR ONE
YEAR) WILL BE RECOMMENDED FOR S-BAND COMMAND ANTENNAS SCHEDULED FOR
JOHANNESBURG, QUITO AND OR~ORAL. THE TDRS GROUND ANTENNA WILL ALSO
USE AN ELECTRIC DRIVE SYSTEM AND THE DRIVE WILL BE A CANDIDATE FOR
POSSIBLE MODIFICATION OF THE JOHANNESBURG DSN-85. THE COMPUTER
CONTROLLED ANTENNA TASK HAS DEMONSTRATED A POTENTIAL FOR MARKED
REDUCTION IN STATION MANPOWERe FOR EXAMPLE, TIME REQUIRED FOR A
WEEKLY MAINTENANCE AND CHECKOUT PROCEDURE OF CONTROL SYSTEM
COMPONENTS HAS BEEN REDUCED BY A FACTOR OF FOUR AND THE FUNCTIONS OF
SEVERALBEEN SUCCESSFULLY INTEGRATED. THIS SYSTEM IS THIS SYSTEM S
OPERATING EXPERIMENTALLY AT THE NTTF AND PROTOTYPE DESIGN HAS BEGUN
FOR LATE FY-72 OPERATION. IT WILL SUPPORT THE STADAC AT NTTP AND
WILL LATER BE INSTALLED IN THE NETWORK STATIONS. THE ACOUSTICAL
ANALYSIS METHOD FOR DETECTING AND IDENTIFYING INCIPIENT FAILURES IN
HYDRAULIC AND MECHANICAL SYSTEMS IS BEING INSTALLED IN FIVE MSFN
STATIONS (NTTF, CORPUS CHRISTI, GOLDSTONE, MADRID, CANBERRA) UNDER A
COORDINATED NETWORK EQUIPMENT EFFORT. IN ADDITION TO DIRECT SUPPORT
TO THE NETWORK THESE----
RTOP NO. 150-22-35 TITLE: AUTOMATION AND UTILIZATION OF COMBINED
NETWORKS
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER.
MONITOR: SHAUGHNESSY, J. P. TEL. 301-982-2357
TECHNICAL SUMMARY
THIS RTOP CARRIES FORWARD CERTAIN LINES OF DEVELOPMENT FOR
AUTOMATING STATION EQUIPMENT. RECENT PROGRESS IN THIS AREA HAS
CULMINATED IN rHE STADAC SYSTEM FOR AUTOMATICALLY CONTROLLING STATION
FUNCTIONS USIN~ NEW SAMPLING AND PROCESSING EQUIPMENT, AND IN
REAL-TIME COMPRESSION OF HIGH SPEED DATA USING EXISTING EQUIPMENT.
THIS RTOP WILL WORK TOWARD AUTCMATION OF OTHER PHASES OF STATION
OPERATION, SPECIFICALLY (1) A CONTROL AND DIAGNOSTIC PROGRAM FOR THE
AUTOMATED MULTI-FUNCTIONAL RECEIVER, (2) AN ADVANCED SWITCHING
176
SYSTEM r AND (3) ANALYSIS OF FUTURE NETWORK TESTING REQUIREMENTS0 THE
BENEFITS ASSOCIATED WITH AUTOMATING THESE FUNCTIONS INCLUDE
LIGHTENING THE ON-SITE ~OPKLOADi' REDUCING TURNAROUND TIME, LOWERING
OPERATING COSTS, AND IMPROVING STATION RELIABILITYQ THE OBJECTIVE OF
THE AMFR CONTRJL AND DIAGNOSTIC PROGRAM IS TO ACHIEVE ON-LINE
FREQUENCY TUNING OF THE RECEIVER THEREBY ELIMINATING THE PROBLEMS OF
FREQUENCY SWEEPING ANDSIDELOBE LOCK. AND TO ACHIEVE ON-LINE
EVALUATION OF :OMPONENT AND SUESYSTEM STATUS FOR MAINTENANCE
PURPOSESQ THE OBJECTIVE OF THE ADVANCED SWITCHING SYSTEM IS TO
PERMIT REPLACEMENT OF MANUAL PATCHING AND SWITCHING FUNCTIONS WITH
PROGRAMMED CONTROL BASED ON A MINIMUM NUMBER OF INPUT PARAMETERS.
RTOP NO. 150-22-36 TITLE: AU~OMATIC DATA HANDLING
ORGANIZATION: SODDARD SPACE FLIGHT CENTER
MONITOR: RODGERS .. JQ C. TELo 301-982-4123
TECHNICAL SUMMARY
NETWORK IMPROVEMENTS TO MEET THE LARGE INCREASES IN SUPPORT
REQUIREMENTS DEMANDED BY NASA'S FUTURE SPACE PROGRAMS SPECIFICALLY
INCLUDE THE LINKING OF THE REMOTE GROUND STATIONS BY WIDEBAND (BIT
RATES IN EXCESS OF 7.2 KILOBITS/SECOND) DATA COMMUNICATIONS TO GSFC
FACILITIES SUCH AS SPACECRAFT CONTROL CENTERS r COMPUTATION
FACILITIES, AND CENTRALIZED DATA PROCESSING SYSTEMS. THIS RTOP SHALL
STUDY METHODS 8F HANDLING THE WIDEBAND DATA ONCE IT ARRIVES AT GSFC
AND SHALL RESULT IN TWO END PRODUCTS~ (1) A VARIABLE EXERCISABLE
COMPUTER SIMULATION OF THE FUTURE DATA HANDLING AND PROCESSING
CAPABILITY AT GSFC, AND (2) THE DESIGN OF AN AUTOMATIC DATA
DISTRIBUTION SYSTEM LOCATED AT GSFC WITH THE NECESSARY WIDEBAND DATA
HANDLING CAPABILITY TO MEET THE INCREASED DATA VOLUME/DATA RATE
TRAFFIC OF NASA'S INCREASINGLY COMPLEX SPACECRAFT. THE COMPUTER
SIMULATION WILL AID IN DETERMINING THE REQUIREMENTS AND THE DESIGN OF
SYSTEMS TO HANDLE AND PROCESS THE DATA AT GSFC. THE SIMULATION WILL
ALSO BE AN EVALUATION TOOL TO rETERMINE WHERE BOTTLENECKS OCCUR AND
WHAT EFFECT ALTERNATE CHANGES HAVE ON THE OVERALL DATA HANDLING
SYSTEM. THE SIMULATION CAN ALSO BE USED IN THE EVALUATION OF
EQUIPMENT PROP)SALS. THE AUTOMATIC DATA DISTRIBUTION SYSTEM SHALL
INTERFACE WITH THE NASCOM NETWORK e CONCENTRATING ON THE PARTICULAR
PROBLEMS INHERENT IN INTERFACING, SWITCHING AND DISTRIBUTING DATA
RECEIVED ON CHANNELS OR GROUPS OF CHANNELS EXTENDING BEYOND 7.2 RBS
NARROW-BAND. STUDIES SHALL SPECIFY EQUIPMENT REQUIREMENTS AND
EQUIPMENT CONFIGURATIONS NEEDED TO INTERFACE THE DISTRIBUTION SYSTEM
WITH THE WIDEBAND (WB) CHANNELS SWITCHED BY NASCOM AND WITH OTHER
PRESENT AND PLANNED GSFC FACILITIES FOR PROCESSING DATA.
RTOP NO 0 150- 22-3 8 TITLE: DA TA PROCESSING SYSTEM
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: POLAND, W. B., JR. TEL. 301-982-4592
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO PROVIDE MEANS FOR IMPROVING THE
SPEED, RELIABILITY .. OR EFFICIENCY OF DATA PROCESSING OPERATIONS IN
GSFC. THE WORK PROPOSED FALLS INTO SIX CATEGORIES: (1) STORAGE
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SYSTEM EVALUATION (2) DATA PROCE SSING SYSTEM DESIGN STUDIES (3)
PROCESSING SYSTEM DISPLAYS (4) ANALYSIS OF DATA PROCESSING SYSTEMS
(5) APPLICATIONS PROGRAMMING STUDIES (6) DIGITAL TAPE EVALUATION IN
EACH TASK AREA, THE INITIAL PHASE CONSISTS OF IN-HOUSE PROBLEM
FORMULATION BY GSFC PERSONNEL. THIS MAY BE FOLLOWED BY IN-HorrSE
IMPLEMENTATION OR A PROBLEM-ORIENTED STUDY CONTRACT OR GRANT.
IMPLEMENTATION OF SOLUTIONS FOR A PARTICULAR APPLICATION ARE
SUPPORTED DIRE:TLY BY THE APPROPRIATE PROJECT.
RTOP NO. 150-22-39 TITLE: IMAGE PROCESSING FACILITY PERFORMANCE
EVALUATION AND IMPROVEMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SOS, J. Y. TEL. 301-982-4419
TECHNICAL SUMMARY
THE ERTS NASA DATA PROCESSING FACILITY (NDPF) IS CHARACTERIZED
BY TWO SIGNIFI:ANT REQUIREMENTS: (1) HIGH DATA VOLUME (300,000 IMAGES
PER WEEK) AND (2) EXTREMELY DEMANDING PERFORMANCE OF THE EQUIPMENT
WITHIN NDPF. PROBLEMS RESULTING FROM THE ABOVE REQUIREMENTS THAT
NEED ATTENTION ARE: (1) LACK OF EFFICIENT NDPF EQUIPMENT AND IMAGE
PRODUCT PERFORMANCE MONITORING TECHNIQUES (2) LACK OF RELATIVELY
SIMPLE FILM PROCESSING METHODS AND (3) LACK OF A RESEARCH COMPUTER
FOR DEVELOPMENT OF IMAGE PROCESSING TECHNIQUES AND EQUIPMENTS. IT IS
PROPOSED TO DEVELOP EFFICIENT PERFORMANCE AND QUALITY MONITORING
TECHNIQUES FOR ERTS IMAGE DATA, IMPROVE AND SIMPLIFY PHOTOGRAPHIC
PROCESSING TECHNIQUES TO ACHIEVE A BETTER FILM PRODUCT (IN TERMS OF
GAMMA LINEARITY, DENSITY UNIFORMITY ACROSS THE FILM SURFACE, ETC.),
AND TO OBTAIN A RESEARCH COMPUTER FOR DEVELOPMENT OF IMAGE PROCESSING
TECHNIQUES AND EQUIPMENTS.
RTOP NO. 150-22-41 TITLE: SOLID STATE MINITRACK DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SIMAS, V. R. TEL. 301-982-4936
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO DEVELOP A SOLID STATE MINITRACK
ELECTRONICS SYSTEM FOR THE PURPOSE OF REPLACING THE EXISTING VACUUM
TUBE SYSTEMS WHICH HAVE BEEN IN SERVICE FOR ABOUT TEN YEARS. GOALS
ARE THE REDUCTION OF LOGISTIC PROBLEMS, MAINTENANCE COSTS, AND DOWN
TIME AS WELL AS IMPROVED ACCURACY AND SENSITIVITY, AUTOMATED
OPERATION, REDUCTION IN SIZE AND POWER CONSUMPTION AND LOW OPERATING
COSTS. MODERNrECHNIQUES SUCH AS INTEGRATED CIRCUITS, I.F. AND
CIRCUITS, IF AND DIGITAL BUILDING BLOCKS. ETC., WILL ENABLE THE 9
RACKS OF VACUUM TUBE ELECTRONICS IN THE EXISTING SYSTEM TO BE
REPLACED WITH LESS THAN TWO RACKS OF SOLID STATE CIRCUITRY. IN
ADDITION, THE !."OLLOWING FUNCTIONAL IMPROVEMENTS WILL BE f1ADE: 1)
THE TIME REQUIRED TO MAKE PHASE MEASUREMENTS WILL BE REDUCED BY A
FACTOR OF 25, ELIMINATING A SOURCE OF ERROR THAT CAN AMOUNT TO 25
COUNTS; 2) THE AGC WILL CONTROL EACH COMBINED I.F. CHANNEL
INDEPENDENTLY; 3) TUNING ACCURACY WILL BE IMPROVED TO ONE PART IN 10
TO THE 10TH PO~ER BY AN IMPROVED SYNTHESIZER; 4) CROSSTALK BETWEEN
CHANNELS WILL BE REDUCED TO AN INSIGNIFICANT LEVEL; 5) THE RECEIVER
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WILL BE SET UP, CALIBRATED AND OPERATED COMPLETELY AUTOMATICALLY; 6)
THE POST DETECTI~N PASSIVE FILTER WILL BE REPLACED BY AN ACTIVE
FILTER WHICH WILL ELIMINATE ERRORS AND PROBLEMS ASSOCIATED WITH
COMPENSATING THE DATA FOR THE PASSIVE FILTER TIME DELAY.
RTOP NO. 150-22-~2 TITLE: FREQUENCY STANDARD SOURCES
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: PETERS, H. E. TEL. 301-982-4948
TECHNICAL SUMMARY
THE GOAL OF THIS TASK IS TO PROVIDE FIELD OPERABLE STANDARD
SIGNAL SOURCES WHICH ARE RELATIVELY SIMPLE, ECONOMICAL u RUGGED,
RELIABLE, AND LONG LIVED, WHILE IMPROVING THE SIGNAL QUALITY TO THE
EXTENT THAT SIGNAL SOURCE STABILITY WILL NO LONGER BE A SIGNIFICANT
LIMITING FACTOR IN USE. FOP RADIO INTERFEROMETRY, DEEP SPACE
TRACKING, AND GEODESY, THE GOAL IS FRACTIONAL STABILITIES OF TEN TO
THE MINUS 13TH POWER, TEN TO THE MINUS 15TH POWER, AND TEN TO THE
MINUS 1~TH POWER FOR MEASURING TIMES OF ONE SECOND, 10,000 SECONDS
RESPECTIVELY. FOR TIMING AND NAVIGATION, THE GOAL IS A FREQUENCY
REPRODUCIBILITY OF TEN TO THE MINUS 14TH POWER, WHICH WILL MAINTAIN
WORLD WIDE TIME SYNCHRONIZATICN TO BETTER THAN ONE MICROSECOND FOR
SEVERAL YEARS. FOR GREATER INTERNATIONAL UNIFORMITY OF TIME SCALES,
THE GOAL OF ACCURACY TO TEN TO THE MINUS 14TH POWER BASED ON A NEW
HYDROGEN STANDARD WILL PROVIDE A FACTOR OF 50 IMPROVEMENT OVER THE
BEST PRESENT LABORATORY STANDARDS, WITH A CORRESPONDING REDUCTION IN
PRESENTLY REQUIRED INTERCONTINENTAL COMPARISONS AND SYNCHRONIZATIONS.
TYPICAL OF THE NEW PROPOSED TYPE OF FIELD OPERABLE STANDARDS IS THE
NASA/GSFC NP PROTOTYPE HYDROGEN MASER STANDARDS WHICH HAVE
SUCCESSFULLY COMPLETED SEVERAL YEARS OF FIELD TRIALS. TO ATTAIN THE
PRESENT GOALS, WORK WILL BE DIRECTED TO IMPROVEMENTS IN THE NP
STANDARDS, AND TO REALIZATION OF A NEW HYDROGEN BEAM STANDARD OF
EXCEPTIONAL ACCURACY. IN HYDROGEN MASERS, IMPROVEMENTS IN MAGNETIC
SHIELDING, SOURCES, BEAM OPTICS, AND CAVITY STABILIZATION IS PLANNED
TO PROVIDE IMPROVED MASER BASED STANDARDS FOR FIELD EVALUATION IN
1973. IN HYDRJGEN BEAM TUBES, LOW VELOCITY SOURCES & EFFICIENT
DETECTOR DEVELOPMENT----
RTOP NO. 150-22-~5 TITLE: UNIFIED INFORMATION SUBSYSTEM DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: TREVATHAN, C. E. TEL. 301~982-5376
TECHNICAL SUMMARY
THE GOAL IS TO IMPROVE THE OVERALL SPACECRAFT-GROUND CAPABILITY
IN THE HANDLING OF DATA (INFORMATION) ORIGINATING FROM SENSORS &
EXPERIMENTS ON THE SPACECRAFT WITH THE FURTHER OBJECTIVE OF ACHIEVING
HIGHER RELIABILITY & EFFICIENCY LEADING TO A SIGNIFICANTLY LOWER
OVERALL COST OF THE DATA ACQUISITION & PROCESSING FOR A WIDE VARIETY
OF MISSIONS. THE SPECIFIC TECHNICAL OBJECTIVE IS TO DEVELOP A
UNIFIED, SEMI-AUTOMATED, COMPUTER CONTROLLED, TELEMETRY DATA-HANDLING
SUBSYSTEM TO BE FLOWN ON SPACECPAFT~ WHICH WILL MAKE USE OF
DATA-ENCODING, REDUNDANCE REDUCTION~ CENTRAL PROCESSING, DATA
STORAGE, & ASYNCHRONOUS OPERATION, TO MAXIMIZE THE TRANSFER OF
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"INFORMATION". ESSENTIAL TO THIS GOAL IS OPTIMIZATION OF THE STORAGE
MEDIA AND ON-BOARD PROCESSING SYSTEMS TO PROVIDE AN EFFICIENT MATCH
WITH THE DATA VOLUME TO BE PROCESSED i STORED AND TRANSMITTED & THE
DELINEATION AND DESIGN OF THE ASSOCIATED GROUND SUPPORT EQUIPMENT.
RTOP NO. 150-22-46 TITLE: UNIFIED SPACECRAFT RADIO FREQUENCY
SUBSYSTEM DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BLOCK v A. F. TEL. 301-982-4158
TECHNICAL SUMMARY
THIS PROGRAM PROVIDES IMPROVED TRACKING, TELEMETRY i AND COMMAND
EQUIPMENT FOR SPACE FLIGHT PROGRAMS. IT DEVELOPS DESIGNS WHICH DUE
TO VERSATILITY ARE APPLICABLE TO LARGE SPACECRAFT REQUIRING HIGH
POWER, WIDE BAND TRANSMITTERS AS WELL AS SMALLER PAYLOADS HAVING
MODEST SIZE, WEIGHT, AND POWER BUDGETS. THIS IS ACHIEVED BY: 1.
DEVELOPING NEW COMPONENTS TO PROVIDE EXTENDED COMMUNICATION
ABILITIES. ONE EXAMPLE OF THIS IS THE PROGRAM TO DEVELOP NEW
TRANSISTORS WITH IMPROVED POWER AND FREQUENCY CAPABILITY. 2.
IMPROVING CIRCUIT DESIGN OR CIRCUIT EFFECTIVENESS THROUGH FABRICATION
TECHNIQUE AND COMPONENT APPLICATION. LOW NOISE PREAMPLIFIERS AND
STABILIZED OSCILLATORS ARE TYPICAL OF THIS TYPE EFFORT. 3.
DESIGNING COMPLETE SYSTEMS. THIS IS EXEMPLIFIED BY THE PRESENT
EFFORT WHICH WILL PRODUCE A TRANSPONDER WITH COMMAND L' TELEMETRY, AND
TRACKING CAPABILITY INTO ANY OF THE SEVERAL NASA NETWORKS (DSN, MSFN,
AND STADAN)0 THIS WORK IS DONE BOTH IN-HOUSE AND ON CONTRACTo IT
PROVIDES ASSEMBLY DESIGN AND PROTOTYPE FABRICATION. WITH THE MODULAR
CONCEPT, POWER AMPLIFIERS CAN BE ADDED TO THE BASIC ONE-HALF WATT
OUTPUT TRANSPONDER TO PRODUCE OUTPUTS OF TEN WATTS AT S-BAND. THE
INCREASED DESIRE BY LARGE----
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RTOP NO$ 160-20-51 TITLE: SPACECRAFT SYSTEMS AND TECHNOLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: FLAHERTY, J. B. TEL. 301-982-6862
T~CHNICAL SUMMARY
STUDIES OF COMPLETE SPACECRAFT AND THE DEVELOPMENT OF SELECTED
SPACECRAFT SUBSYSTEMS WILL BE UNDERTAKEN IN SUPPORT OF FUTURE NASA
EARTH OBSERVATION PROGRAMS. BOTH SYNCHRONOUS AND LOW-ORBITING
SPACECRAFT REQUIREMENTS WILL BE CONSIDERED AS APPLICABLE DURING THE
COURSE OF THE STUDIES. SPECIFIC SPACECRAFT SUBSYSTEM ELEMENTS~ SUCH
AS CONTROLS, CJMMAND AND TELEMETRY ANTENNAS g AND CRYO COOLERS WILL BE
INVESTIGATED AS PART OF THIS EFFORT FOR THE PURPOSE OF SUPPLYING THE
REQUISITE ADVANCED TECHNOLOGY TO MESH WITH FOLLOW-ON SPACECRAFT AND
SUBSYSTEMS. THE THRUST OF THESE STUDIES AND DEVELOPMENTS WILL BE TO
IMPROVE THE SPACECRAFT CAPABILITY TO HANDLE HIGHER RESOLUTION
SENSORS$ IN ADDITION~ CRYOGENIC COOLERS FOR USE WITH ADVANCED
SPACECRAFT SENSORS WILL BE DEVELOPED. THESE ADVANCED EFFORTS WILL BE
POINTED TO DEVELOPING THE REQUISITE TECHNOLOGY FOR ,SUCH ADVANCED
PROGRAMS AS EOS AND ADVANCED SMS w AS WELL AS THE TECHNOLOGY REQUIRED
FOR ADVANCED E~RTH OBSERVATION SENSORS TO BE FLOWN ON FOLLOW-ON ATS
SPACECRAFT. METHODS OF CONTROL WILL BE STUDIED TO DECREASE THE
JITTER ON THE SPACECRAFT AND TC DECREASE THE SPACECRAFT RATES IN BOTH
LOW AND SYNCHRJNOUS ORBIT. THE HIGH ALTITUDE CAUSES LARGE GROUND
NOTIONS TO OCCUR FOR SMALL SPACECRAFT MOTIONS. SCANNING STEP MIRRORS
INTERACT WITH THE SPACECRAFT CAUSING DECREASED RESOLUTION. SCANNER
DYNAMICS WILL ALSO BE STUDIED. A CRYOGENIC COOLER WILL BE DEVELOPED
TO ENABLE SPACECRAFT FLEXIBILITY IN THE PLACEMENT OF RADIOMETERS.
PASSIVE COOLING REQUIRES AN ANTI-SUN POSITION FOR THE SPACECRAFT.
RTOP NOo 160-20-52 TITLE: ON-BOARD DATA MANAGEMENT, STORAGE AND
PROCESSING INSTRUMENTATION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
~ONITOR: MAXWELL, M$ TEL. 301-982-4036
TECHNICAL SUMMARY
THE NEXT GENERATION OF EARTH OBSERVATION SPACECRAFT WILL
GENERATE LARGE QUANTITIES OF DATA. THIS RTOP WILL INVESTIGATE AND
DEVELOP SYSTEMS THAT WILL PROVIDE THE NEEDED SPACECRAFT AND GROUND
DATA SYSTEMS TO ACQUIRE, PROCESS~ STORE AND DISPLAY THIS VERY HIGH
RESOLUTION DATA$ TECHNIQUES WILL BE DEVELOPED TO OPTIMIZE THE DATA
ACQUISITION AND THEN REDUCE THE AMOUNT OF DATA THAT MUST BE STORED IN
THE SPACECRAFT. THIS WILL BE DONE USING HIGH SPEED MULTIPLEXERS AND
MULTISPECTRAL REDUNDANCY REDUCTION TECHNIQUES. APPROPRIATE STORAGE
AND BUFFERING SYSTEMS ARE BEING DEVELOPED USING BOTH MAGNETIC TAPE
RECORDERS AND OTHER MASS DATA STORAGE TECHNIQUES. ON-BOARD
PROCESSING SYSTEMS TO IMPROVE DATA ACQUISITION ARE ALSO BEING
INVESTIGATED. GROUND SYSTEMS TO BE DEVELOPED INCLUDE SMALL RECEIVING
SITE SYSTEMS FOR ERS DATA, WITH THEIR ASSOCIATED STORAGE AND DISPLAY
SYSTEMS. HIGH RESOLUTION DISPLAYS COMPATIBLE WITH THE ADVANCED
SENSORS WILL BE DEVELOPED. THE IMPLICATIONS OF USER DIGITAL GROUND
DATA PROCESSING OF DATA FROM A MULTISPECTRAL CONIC SCANNER WHICH
ACQUIRES DATA ALONG A CURVED ARC WILL BE STUDIED. CLOSE LIAISON ~ILL
BE MAINTAINED WITH RTOP 160-20-53 TO ASSURE COMPATIBILITY WITH
ADVANCED SENSOR DEVELOPMENT, AND WITH RTOP 160-75-53 TO ASSURE
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COMPATIBILITY WITH THE ERTS GROUND DATA PROCESSING DEVELOPMENTS.
THERE WILL ALSO BE COORDINATICN WITH THE EOS ADVANCED STUDIES RTOP'S.
RTOP NO. 160-20-52 TITLE: DATA MANAGEMENT AND STORAGE
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
ADVANCED DATA MANAGEMENT AND PROCESSING SYSTEM TECHNOLOGY WILL
BE DEVELOPED TJ SATISFY FUTURE EARTH SATELLITE REQUIREMENTS. THE
FOCUS OF THE ACTIVITY WILL BE TO DEVELOP PRELIMINARY DESIGN OF A
COMPUTER AIDED TELEMETRY SYSTEM, AN ADAPTIVE, HIGH-PERFORMANCE
TELEVISION DATA COMPRESSOR, AND A RELIABLE, FLEXIBLE MASS DATA
STORAGE DEVICE. IT IS PLANNED TO DEMONSTRATE THE FEASIBILITY AND
UTILITY OF THESE DESIGNS BY THE END OF FISCAL YEAR '73. THESE
ADVANCED DEVELOPMENT ACTIVITIES WILL BE PERFORMED IN-HOUSE BY
PERSONNEL WHO HAVE DEVELOPED INNOVATIVE SOLUTIONS TO SIMILAR PROBLEMS
RELATED TO ADVANCED PLANETARY MISSIONS.
RTOP NO. 160- 20- 53 TITLE: EARTH OBSERVATION SE NSOR TECHNOLOG Y
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: OSTROW, H. TEL. 301-982-4107
TECHNICAL SUMMARY
IMAGING SYSTEMS WITH ADVANCED PERFORMANCE CAPABILITY ARE
REQUIRED FOR FUTURE EARTH OBSERVATION MISSIONS. SYSTEMS WITH
INCREASED SPATIAL AND SPECTRAL RESOLUTION, RESPONSE INTO THE EMISSIVE
IR ALONG WITH INHERENT REGISTRATION BETWEEN SPECTRAL CHANNEL ARE
REQUIRED. THE DESIRED CHARACTERISTICS CAN BE ACHIEVED BY DEVELOPMENT
OF SUITABLE NEW SENSORS, SUCH AS LARGE PHOTOSENSOR LINE ARRAYS.
SOLID STATE LINEAR ARRAYS CAN BE FABRICATED WITH NOMINALLY 10,000
ELE~ENTS. WITH MULTIPLE ARRAYS REGISTERED HIGH SPATIAL RESOLUTION
IMAGES CAN BE OBTAINED WITHOUT USING MECHANICAL SCANNING TECHNIQUES.
LINE SCAN SENSJRS USING ELECTRON BEAM READOUT TECHNIQUES CAN ALSO BE
PRODUCED, ELIMINATING THE NEED TO MAKE ELECTRICAL CONTACT WITH EACH
DETECTOR ELEMENT. SCANNING SPECTRORADIOMETERS CAN PROVIDE
RADIOMETRICALLY ACCURATE DATA FROM THE VISIBLE THROUGH THE EMISSIVE
IR REGION, BUT ADDITIONAL DEVELOPMENT IS REQUIRED IN THE AREA OF
DETECTOR TECHN)LOGY AND COOLERS TO ACHIEVE HIGH RESOLUTION AT HIGH
SIGNAL-TO-NOISE RATIO. OTHER ADVANCED IMAGE SENSOR TECHNIQUES APPEAR
APPLICABLE. ONE TECHNI~UE USES AN OPTICAL FILTER WHICH ENCODES EACH
SPECTRAL BAND INTO A DISCRETER AND SEPARABLE CHANNEL IN THE FREQUENCY
DOMAIN. THIS TECHNIQUE IS NOW BEING USED IN SOME GROUND BASED
APPLICATIONS AND PROVIDES INHERENTLY PERFECT REGISTRATION.THE
EXTENSION OF THE TECHNIQUE TO EARTH OBSERVATION SYSTEMS WILL BE
PURSUED.
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RTOP NOo 160-2~-54 TITLE: MICROWAVE RADIOMETRY FOR REMOTE SENSING
ORGANIZATION: LANGLEY RESEARCH CENTEh
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO IMPROVE THE REMOTE SENSING
CAPABILITY OF MICROWAVE DEVICES. THE GENERAL APPROACH IS TO
INVESTIGATE THE APPLICATION OF PASSIVE RADIOMETRY FOR OBTAINING EARTH
RESOURCE MEASUREMENT WITH EMPHASIS IN THE AREA OF OCEANOGRAPHY.
RESEARCH IS FOCUSED ON IMPROVING THE ANALYSIS AND INTERPRETATION OF
DATA AS WELL AS IMPROVEMENTS IN HARDWARE CAPABILITY. THIS WILL
REQUIRE THE VALIDATION OF ANALYTICAL MODELS FOR INFERRING PHYSICAL
PROPERTIES FROM THE ME~SUREMENT OF SCATTERING AND EMISSIONS FROM
ROUGH SURFACES SUCH AS THE OCEAN, AND THE IMPROVEMENT OF THE
STATE-OF-THE-ART OF KEY COMPONENTS IN THE MICROWAVE AND MILLIMETER
WAVE RADIOMETERS FOR SPECIFIC FLIGHT APPLICATIONS. THE SCOPE OF THE
WORK INCLUDES THE COMPUTER MODELING, CONSTRUCTION, AND MEASUREMENT OF
SIMULATED ROUGH OCEAN SURFACES, AND EXPERIMENTAL .WORK USING WAVE
TANKS AND REMOTE STATIONS SUCH AS THE BUZZARD'S BAY BRIDGE AND
AIRBORNE PLATFDRMS. ALSO INCLUDED ARE THE DEVELOPMENT OF SOLID STATE
OSCILLATORS, IMAGE LINE INTEGRATED CIRCUITS, AND LOW NOISE ANTENNAS
TO IMPROVE RADIOMETER INSTRUMENT PERFORMANCE IN SUPPORT OF BOTH
EXPERIMENTAL MEASUREMENT AND FLIGHT APPLICATION PROGRAMS.
RTOP NO. 160-20-54 TITLE: MICROWAVE TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE IS TO ADVANCE THE STATE OF THE ART IN MICROWAVE
AND MILLIMETER WAVE RADIOMETERS, RADIOMETER COMPONENTS, AND
RADIOMETER AND RADIOMETER ANTENNAS. FOR SPACECRAF~ APPLICATIONS.
RADIOMETER COMPONENTS, SUCH AS RF SWITCHES, LOW NOISE MIXERS AND
SOLID STATE LO:AL OSCILLATORS WILL BE INVESTIGATED FOR SPACECRAFT
APPLICABILITY AND IMPROVED AS NECESSARY. ENVIRONMENTAL AND LIFE TEST
MET~ODOLOGY WILL BE DEVELOPED AND ACTUAL TESTS ON TYPICAL OR SPECIFIC
COMPONENTS AND SUBSYSTEMS WILL BE PERFORMED. HIGH PERFORMANCE
ANTENNAS OF VARIOUS CONFIGURATIONS AND ESPECIALLY OF THE SCANNING
PHASED ARRAY VARIETY, WILL BE INVESTIGATED AND SELECTED BREADBOARDS
DEVELOPED AND EVALUATED, BOTH FROM THE ELECTRICAL AND THE
ENVIRONMENTAL POINTS OF VIEW. SPECIFIC HIGH PERFORMANCE, HIGH
RESOLUTION AND HIGH STABILITY RADIOMETER DESIGNS WILL BE INVESTIGATED
AND BREADBOARDS DEVELOPED AND EVALUATED. THE MAJOR PART OF THIS
EFFORT WILL BE PERFORMED BY INDUSTRY UNDER R&D CONTRACTS.
RTOP NO. 160-20-56 TITLE: ATMOSPHERIC POLLUTIO~ SENSING:
HETERODYNE RADIOMETRY AND SPECTROSCOPY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THIS RTOP DEVELOPS SENSING SYSTEMS WHICH USE INFRARED LASERS FOR
THE REMOTE MONITORING OF ATMOSPHERIC POLLUTANTS FROM AIRCRAFT AND
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SPACECRAFT ALTITUDES. THESE SYSTEMS ARE TO BE CAPABLE OF A VARIETY
OF ATMOSPHERIC MEASUREMENTS, SOME OF WHICH ARE NOT POSSIBLE USING
PASSIVE RADIOMETERS OR SOLAR ABSORPTION SPECTROMETERS. IN ADDITION,
LABORATORY MEASUREMENTS WILL BE UNDERTAKEN TO DETERMINE SPECTROSCOPIC
LINE STRENGTHS AND LINE WIDTHS OF VARIOUS POLLUTANT MOLECULES. THE
INITIAL INSTRUMENT WILL BE A HETERODYNE RADIOMETER USING A CARBON
DIOXIDE LASER AS THE LOCAL OSCILLATOR. THE HETERODYNE RADIOMETER
RESPONDS VERY SENSITIVELY TO A SMALL WAVELENGTH INTERVAL AROUND THE
LOCAL OSCILLATOR WAVELENGTH. THIS INTERVAL IS NEARLY EQUAL TO AN
ATMOSPHERIC PRESSURE-BROADENED MOLECULAR LINEWIDTH. THUS, IF THE
LOCAL OSCILLATOR WAVELENGTH OVERLAPS AN EMISSION LINE.OF A PARTICULAR
MOLECULE, THE RADIOMETER WILL RESPOND SELECTIVELY TO THE PRESENCE OF
THIS CONSTITUENT. SUCH SPECTRAL OVERLAPS BETWEEN C02 LASER LINES AND
THERMAL EMISSIJN LINES OF SUCH POLLUTANTS AS NH3, S02, 03, C2H4, CO
AND NO HAVE ALREADY BEEN IDENTIFIED. THESE OVERLAPS MAKE THE
HETERODYNE RADIOMETER ATTRACTIVE AS A VERY SELECTIVE DETECTOR OF
VARIOUS ATMOSPHERIC CONSTITUENTS. THE GOALS FOR Fy w72 ARE TO
DEMONSTRATE THE EFFECTIVENESS OF THIS INSTRUMENT WITH GROUND BASED
OBSERVATIONS; TO STUDY THE FEASIBILITY OF USING OTHER LASER LOCAL
OSCILLATOR SOURCES IN HETERODYNE RECEIVERS, SUCH AS THE CO LASER AND
THE PBSNTE DIODE LASER; AND TO BEGIN DEVELOPMENT OF AN INSTRUMENT
SUITABLE FOR USE IN AIRCRAFT OR SPACECRAFT~THE HETERODYNE RADIOMETER
WILL ALSO BE USEFUL IN GROUND-BASED REMOTE----
RTOP NO. 160-20-60 TITLE: SURFACE MOTION MONITOR
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE IS TO MEASURE THE MOTION OF A SURFACE WITH RESPECT
TO BENCHMARKS BY USING COHERENT RADAR TECHNIQUES. TWO AREAS THAT ARE
OF PARTICULAR INTEREST ARE THE ICE AREAS IN GREENLAND AND THE REGION
COVERED BY THE ALASKAN PIPE LINES, AND THESE AREAS CAN BE USED TO
ESTABLISH THE DEGREE OF PRACTICALITY OF THE SYSTEM. THE AREAS OF
INTEREST WILL BE IMAGED BY THE JPL 25 CM RADAR AND THE IMAGERY WILL
SHOW THE LARGE SCATTERERS BURIED BENEATH THE SURFA~E OF SNOW. THE
POSITION OF THESE SCATTERERS WILL BE CHECKED FOUR TIMES DURING THE
COURSE OF A YEAR. THIS MEASUREMENT USES THE IMAGING PROPERTIES OF THE
COHERENT RADAR. SEVERAL LUNEBERG LENS REFLECTORS WILL BE PLACED ON
THE SURFACE, SJME LOCATED ON MOUNTAINS OR REGIONS NOT EXPECTED TO
MOVE TO SERVE AS REFERENCE POSITIONS. THE OTHERS WILL BE PLACED ON
ICE FIELDS, PERMAFROST AREAS, GLACIAL AREAS OR SLIDE AREAS. THE
RELATIVE LOCATION OF THESE REFLECTORS WILL THEN BE MEASURED TO WITHIN
A FRACTION OF A WAVELENGTH DURING THE FOUR OVER-FLIGHTS DURING THE
YEAR. THESE MEASUREMENTS WILL NOT BE AFFECTED BY SNOW COVER, CLOUD
COVER OR WEATHER.
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RTOP NO. 160-20-61 TITLE: MICROWAVE STUDIES
ORGANIZATION: JET PROPULSION LABORATORY i
MONITOR: BURCHAM 6 D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
JPL SHALL PROVIDE TECHNICAL ADVICE AND CONSULTATION SERVICES TO
NASA HEADQUARTERS AND MSC IN THE FIELD OF MICROWAVE RADIOMETRY
RELATING TO THE REMOTE SENSING OF EARTH RESOURCES. JPL SHALL CONDUCT
SCIENTIFIC AND TECHNICAL RESEARCH, AND PERFORM EXPERIMENTAL PROGRAMS
FOR FURTHERING THE APPLICATIONS OF PASSIVE MICROWAVE TECHNIQUES TO
THE REMOTE SENSING OF EARTH RESOURCES. SPECIFICALLY, JPL WILL STUDY
MICROWAVE PROPERTIES OF GEOLOGIC MATERIALS AT WAVELENGTHS OF 0.95,
2.8 AND 21 CM. THIS STUDY WILL INCLUDE ANALYTIC MODELING AND
QUANTITATIVE DETERMINATION OF PHYSICAL PARAMETERS THROUGH CONTROLLED
EXPERIMENTS. THESE STUDIES WILL BE PERFORMED IN CONJUNCTION WITH THE
UNIVERSITY OF NEVADA. JPL WILL SUPPLY CONSULTING AND TECHNICAL
ASSISTANCE TO SEVERAL SELECT UNIVERSITY GROUPS CURR~NTLY FUNDED BY
NASA TO PERFORM RESEARCH IN REMOTE SENSING. TECHNICAL SERVICES ARE
PROVIDED THROUGH MEMBERSHIP IN APPROPRIATE COMMITTEES g AND
PARTICIPATION IN MEETINGS AND SEMINARS CALLED BY NASA AND ITS
AGENCIES. GROUND BASED MICROWAVE RADIOMETRIC STUDIES OF GEOLOGIC
MATERIALS WILL BE PERFORMED USING EXISTING EQUIPMENT, INCLUDING VAN
DUAL POLARIZED RADIOMETERS AND REAL TIME DATA REDUCTION SYSTEM.
FREQUENCY SCAN APPROACHS MAY BE PURSUED AT L-BAND (1-2 GHZ). SEVERAL
UNIVERSITIES WILL BE SUPPORTED BY LENDING THEM RADIOMETERS ON AN
AS-AVAILABLE BASIS AND PROVIDING LIMITED SUPPORT WITH THE MICROWAVE
RADIOMETER GROUND-BASED EQUIPMENT.
RTOP NO. 160-44-51 TITLE: TECHNIQUES FOR UTILIZING SATELLITE
OBSERVATIONS IN METEOROLOGICAL APPLICATION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: WEXLER, R. TEL. 301-982~2188
TECHNICAL SUMMARY
THE OBJECTIVE IS TO APPLY SATELLITE OBSERVATIONS TO THE
QUANTITATIVE MEASUREMENTS OF METEOROLOGICAL PHENOMENA. SPECIFICALLY,
THE SATELLITE DATA ARE APPLIED TO DETERMINE SEA SURFACE TEMPERATURE,
VERTICAL DISTRIBUTION OF ATMOSPHERIC TEMPER~TURE, HUMIDITY, AND
OZONE, AND CLOUD MOTIONS (WINDS) FROM GEOSTATTONARY SATELLITES.
APPLICATIONS OF THESE DERIVED PARAMETERS MAY THEN BE MADE TO STUDIES
OF MESOSCALE SYSTEMS, PLANETARY SCALE PHENOMENA STRATOSPHERIC
CIRCULATION, THE RADIATION HEAT BUDGET AND CLIMATIC CHANGE. SPECIAL
FOCAL POINTS OF THIS RESEARCH ARE THE ESTABLISHMENT OF A BASIS FOR
THE SPECIFICATION OF THE REMOTE SENSING PART OF THE GLOBAL
METEOROLOGICAL OBSERVING SYSTEM OF THE 1970'S REQUIRED FOR
LARGE-SCALE, L)NG-TERM WEATHER FORECASTS (VIZ. THE GLOBAL ATMOSPHERIC
RESEARCH PROGRAM - GARP), AND, SIMILARLY, THE ESTABLISHMENT OF A
BASIS FOR THE SPECIFICATION OF A SYSTEM FOR CONTINUOUS OBSERVATIONS
OF WEATHER FEArURES SO THAT THESE OBSERVATIONS CAN BE APPLIED TO
SHORT-TERM WEATHER FORECASTS.
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RTOP NO. 160-44-52 TITLE: STUDIES IN THE APPLICATION OF
METEOROLOGICAL SATELLITE DATA TO
FORECASTING THE GENERAL CIRCULATION
ORGANIZATION: GODDARD INSTITUTE FOR SPACE STUDIES
MONITOR: JASTROW, R. TEL. 212-866-3200
TECHNICAL SUMMARY
THIS PROGR!M USES NUMERICAL MODELING EXPERIMENTS FOR THE
OPTIMIZATION OF SATELLITE OBSERVING SYSTEMS WITH THE AIM OF
EXTRACTING MAXIMUM METEOROLOGICAL INFORMATION FROM SPACE-BORNE
SENSORS. THE PROGRAM INClUDES: (1) LONG-RANGE FORECASTS AND
CLIMATOLOGY: STUDIES ON THE UTILIZATION OF SATELLITE DATA INCLUDING
HEAT BUDGET DATA FOR LONG-RANGE, SEASONAL AND CLIMATOLOGICAL
PREDICTIONS; (2) MODELING FE SEARCH: STUDIES OF BASIC ATMOSPHERIC
PROCESSES ENTERING INTO NUMERICAL MODELS OF THE ATMOSPHERE, INCLUDING
PROCESSES OF MOIST CONVECTION LATERAL EDDY TRAFSPORT, BOUNDARY LAYER
PHENOMENA AND RADIATIVE TRANSFER; (3) COMPUTATIONAL RESEARCH:
INCLUDING RESEARCH ON NUMERICAL METHODS FOR SOLVING ATMOSPHERIC
EQUATIONS, AND ON DEVELOPMENTS IN COMPUTING SOFTWARE AND HARDWARE
DESIGNED FOR SPECIALIZED APPLICATION TO THE EQUATIONS OF ATMOSPHERIC
DYNAMICS.
RTOP NO. 160-44~53 TITLE: REMOTE SENSING TECHNIQUES FOR ATMOSPHERE
STRUCTURE AND SURFACE CONDITION RELEVANT
TO METEOROLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HOVIS, W. A. TEL. 301-982-6465
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO DEVELOP AND TEST TECHNIQUES
FOR REMOTE SENSING OF THE ATMOSPHERE, INCLUDING SUSPENDED PARTICULATE
MATTER AND SURFACE INTERFACE CONDITIONS SUCH AS SEA SURFACE
TEMPERATURE AND SOIL MOISTURE CONTENT PERTINENT TO METEOROLOGY.
STUDIES OF CLOUD PHYSICAL PARAMETERS SUCH AS PHASE; I.E. ICE OR
WATER, PARTICLE SIZE, PARTICLE SIZE DISTRIBUTION AND POSSIBLY
PARTICLE SHAPE ARE BEING CARRIED OUT USING RADIOMETRIC AND
POLARIMETRIC STUDIES OF SOLAR ENERGY REFLECTED OFF CLOUD TOPS. IN
CONJUNCTION WITH THE REMOTE SENSING OF CLOUDS, IN SITU MEASUREMENTS
ARE CARRIED OUT WITH A LASER NEPHELOMETER TO MAKE PARTICLE SIZE AND
SIZE DISTRIBUTION MEASUREMENTS TO VERIFY AND CALIBRATE THE RESULTS
OBTAINED WITH THE REKOTE SENSING INSTRUMENTS. INTERFACE
MEASUREMENTS, JF SURFACE CONDITIONS PERTINENT TG METEOROLOGY, ARE
CARRIED OUT IN THE MICROWAVE AND INFRARED REGION OF THE SPECTRUM.
MEASUREMENT OF SOIL MOISTURE CONTENT WITH MICROWAVE RADIOMETERS AND
OPTICAL POLARIMETERS AND MEASUREMENTS OF SEA SURFACE TEMPERATURES
WITH INFRARED AND MICROWAVE INSTRUMENTS ARE DEVELOPED AND TESTED AS A
PRELUDE TO FLIGHT OF SIMILAR EXPERIMENTS ON APPtICATIONS SPACECRAFT.
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RTOP NO. 160-44-54 TITLE: RADIATIVE TRANSFER MODELS RELATING TO
ATMOSPHERE AND SURFACE CHARACTERISTICS
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: FRASER, R. TEL. 301-982-4235
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DETERMINE THE RADIATIVE CHARACTERISTICS OF
GASEOUS AND PARTICULATE CONSTITUENTS OF THE ATMOSPHERE AND OF NATURAL
SURFACES. LABORATORY MEASUREMENTS, INVOLVING ABSORPTION TUBES g WILL
BE MADE TO STUDY THE RADIATIVE PROPERTIES OF THE OPTICALLY ACTIVE
GASES. THEORETICAL ANALYSES CF SPECTRAL LINE INTENSITIES g POSITIONS,
AND SHAPES WILL BE MADE IN CONJUNCTION WITH THE EXPERIMENTAL
MEASUREMENTS. AN INFRARED INTERFEROMETER SPECTROMETER (IRIS) WILL BE
FLOWN ALOFT BY MEANS OF A HIGH ALTITUDE BALLOON AND INFRARED SPECTRA
WILL BE OBTAINED WITH A RESOLUTION OF 0.2 WAVENUMBERS IN THE SPECTRAL
REGION 4-50 MICROMETERS. THESE MEASUREMENTS WILL BE USED TO
INVESTIGATE RADIATIVE PROPERTIES OF THE SURFACE OF THE EARTH AND OF
OPTICALLY ACTIVE GASES AND PARTICULATES IN THE ATMOSPHERE. A
MICROWAVE RADIOMETER MOUNTED ON AIRCRAFT OR HIGH ALTITUDE BALLOON
WILL MEASURE RADIANCES AT SELECTED WAVELENGTHS NEAR 5 MM OVER
DIFFERENT KINDS OF TERRAIN AND THROUGH A VARIETY OF CLOUDS. THESE
STUDIES WILL PROVIDE THE PHYSICAL BASIS FOR REMOTELY SOUNDING THE
ATMOSPHERE AND FOR SENSING CHARACTERISTICS OF THE SURFACE BOUNDARY
SUCH AS LAND AND SEA SURFACE TEMPERATURES, SOIL MOISTURE, ETC.
RTOP NO. 160-44-55 TITLE: ANALYSIS OF ENERGY INTERACTIONS BETWEEN
DIFFERENT LEVELS OF THE ATMOSPHERE AND
SOLAR-TERRESTRIAL RELATIONSHIPS
ORGANIZATION~ ~ODDARD SPACE FLIGHT CENTER
MONITOR: HEATH, D. F. TEL. 301-982-6421
TECHNICAL SUMMARY
THE OBJECTIVES ARE THE STUDY OF THE INTERACTIONS OF MECHANICAL,
RADIATIONAL AND CHEMICAL ENERGIES BETWEEN THE LOWER AND UPPER REGION
OF THE ATMOSPHeRE, AND THE MEASUREMENT OF SOLAR ENERGY WHICH IS
SUBSEQUENTLY ABSORBED AND SCATTERED BY THE OZONOSPHERE, MESOSPHERE,
AND LOWER THERMOSPHERE. THE AREAS OF INVESTIGATION INCLUDE: GRAVITY
WAVES, TIDES, AND TURBULENCE ORIGINATING IN THE LOWER ATMOSPHERE; THE
MEASUREMENT WIrH HIGH ABSOLUTE ACCURACY OF THE ULTRAVIOLET SOLAR
FLUX r ATMOSPHERIC SCATTERING, ABSORPTION AND EMISSION RESULTING FROM
CHEMICAL AND PHOTOCHEMICAL REACTION IN THE UPPER ATMOSPHERE; AND THE
HORIZONTAL AND VERTICAL TRANSPORT PROCESSES. EXISTING SOUNDING
ROCKET SATELLITE r AND GROUND BASED OBSERVATION TECHNIQUES WILL BE
EMPLOYED, AND NEW TECHNIQUES WILL BE DEVELOPED TO OBSERVE THE
THERMODYNAMIC STRUCTURE, CIRCULATION, AND COMPOSITION OF THE
STRATOSPHERE-MESOSPHERE-LOWER THERMOSPHERE REGIONS.
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RTOP NO. 160-44-56 TITLE: EARTH OBSERVATIONS LABORATORY, F~ELD
EXPERIMENTS AND CALIBRATION OF RADIATION
SENSORS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HOVIS, W. A. TEL. 301-982-6465
TECHNICAL SUMMARY
THE OBJECT OF THIS EFFORT IS TO CARRY OUT LABORATORY AND FIELD
TESTS OF METEOROLOGICAL SENSORS TO TEST PERFORMANCE, DETERMINE
CALIBRATION ACCURACY AND TO VERIFY THE SYSTEM CONCEPT IN TESTS
CLOSELY SIMULATING THE CONDITIONS TO BE ENCOUNTERED IN SPACECRAFT
SENSING. IN THE MICROWAVE REGION OF THE SPECTRUM THE EMISSIVITIES OF
NATURAL SURFACES WILL BE DETERMINED TOGETHER WITH DEVELOPMENT OF NEW
COMPONENTS AND NEW CALIBRATION TECHNIQUES. MICROWAVE RADIOMETERS AT
SEVERAL FREQUENCIES WILL BE USED TO STUDY THE DISTINGUISHABLE
FEATURES OF MATERIALS SUCH AS WATER, 'ICE, DRY SOIL, SWAMPS, DENSE
VEGETATION, CLOUDS AND RAINFALL. DEVELOPMENT OF NEW TECHNIQUES IN THE
AREA OF SENSOR COMPONENTS SUCH AS IMPROVED DETECTORS ARE CARRIED OUT
IN THIS AREA AND TESTED IN BREADBOARD UNITS TO VERIFY APPLICABILITY
TO FUTURE SPACEFLIGHT MISSIONS. A SPACE SIMULATING CALIBRATION
FACILITY IS MAINTAINED FOR VERIFICATION OF CALIBRATION OF FLIGH~
UNITS AND LIFE TESTS OF COMPONENTS AND INSTRUMENTS IN SUPPORT OF
SENSOR DESIGN. THE NASA CV 990 AIRCRAFT IS MODIFIED AND EQUIPPED TO
PROVIDE A FACILITY TO TEST A WIDE VARIETY OF SENSORS FOR
METEOROLOG1CAL REMOTE SENSING IN
RTOP NO. 160-44-57 TITLE: AIRBORNE METEOROLOGY PROGRAM
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THIS RTOP IS TO PROVIDE AN AIRBORNE PLATFORM, CARRYING
INSTRUMENTATION FOR METEOROLOGICAL MEASUREMENTS. EXPERIMENTS WILL BE
MOUNTED AND FLOWN ABOARD THE CONVAIR 990 (NASA 111) AND A LEASED LEAR
JET TO CONDUCT BASIC METEOROLOGICAL STUDIES AND TO SUPPORT SATELLITE
INSTRUMENTATION DEVELOPMENT AND DATA ANALYSIS. A NECESSARY FIRST
STEP IN THE DEVELOPMENT OF SATELLITE INSTRUMENTATI~N FOR REMOTE
SENSING OF THE EARTH AND ATMOSPHERE IS TO OBTAIN INFORMATION BASIC TO
THE UNDERSTANDING OF FACTORS INFLUENCING THE SPECTRAL SIGNALS TO BE
OBSERVED FROM SPACE~ THIS INFORMATION MUST BE OBTAINED ABOARD
AIRCRAFT BECAUSE MEASUREMENTS MUST BE MADE FROM THE GROUND TO THE
STRATOSPHERE WITH SPEED AND FLEXIBILITY IN GEOGRAPHICAL LOCATION TO
OBTAIN DATA UNDER THE MANY DESIRED METEOROLOGICAL CONDITIONS. SCALES
RANGING FROM LOCAL TO GLOBAL ARE AMENABLE TO STUDY BY AN AIRCRAFT
SUCH AS THE CV-990. THE LEAR JET WILL BE USED PRIMARILY TO FLY ONE
OR TWO SMALL EXPERIMENTS ON A LOCAL SCALE.
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RTOP NO. 160-44-58 TITLE: CLIMATOLOGICAL-STATISTICAL ATMOSPHERIC
AND CLOUD COVER MODELS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CAREY, W. T. TEL~ 205~453-3424
TECHNICAL SUMMARY
TASK #1. WORLD-WIDE CLOUD COVER MODEL - THE CONSEQUENCE OF
CLOUD COVER ON EARTH-VIEWING SPACE ~ISSIONS IS EVALUATED BY A
MONTE-CARLO COMPUTER SIMULATION PROCEDURE USING THE WORLD-WIDE CLOUD
COVER STATISTICS. THESE CLOUD AND SEVERE WEATHER (THUNDERSTORM,
ELECTRICAL ACTIVITY, HURRICANESqETC.) DATA CONTAIN PROBABILITY
DISTRIBUTIONS FOR VARIOUS CATEGORIES ARRANGED BY MONTHLY AND THREE
HOURLY REFERENCE PERIODS. TO ACCOUNT FOR CLOUD PERSISTENCE, SPATIAL
AND TEMPORAL PROBABILITY VALUES ARE INCLUDED. SIMULATION RESULTS ARE
GIVEN FOR A SPECIFIED SATELLITE PASS NUMBER~ THESE ANALYSES ARE
DIRECTLY APPLICABLE TO SKYLAB AND OTHER EARTH RESOURCES MISSION
ANALYSIS STUDIES. TASK #2. FOUR-DIMENSIONAL ATMOSPHERIC MODELS
(WORLD-WIDE) - ATMOSPHERIC DATA COMPRISED OF MONTHLY MEANS AND DAILY
VALUES ARE BEING COLLECTED AND ANALYZED FOR THE PU~POSE OF MAKING
ELECTROMAGNETI: ENERGY ATTENUATION PREDICTIONS. WHILE ATMOSPHERIC
MOISTURE IS THE MOST IMPORTAN~ PARAMETER OTHER THERMODYNAMIC
QUANTITIES (PRESSURE, TEMPERATURE, AND DENSITY) ARE INCLUDED IN THE
STUDY. THESE DATA ARE BEING EXTENDED TO A UNIFORM ALTITUDE ON A
GLOBAL BASIS. AFTER ANALYSIS 6 ANALYTICAL FUNCTIONS WILL BE FITTED TO
THESE EMPIRICAL DATA SO THAT PROFILES REQUIRED IN ATTENUATION
COMPUTATIONS CAN BE INTERNALLY GENERATED BY THE COMPUTER. NEXT w A
MONTE-CARLO PRJCEDURE WILL PERMIT SELECTION OF A PROFILE FOR MISSION
SIMULATION (MISSION ANALYSIS) STUDIES. THESE DATA AND THE MISSION
SIMULATION PROCEDURES WILL HAVE A DIRECT IMPACT ON EARTH SENSOR
DESIGN AND SELECTION.
RTOP NO. 160-44-60 TITLE: ATMOSPHERIC EFFECTS UPON REMDTE SENSING
FROM AIRCRAFT AND SATELLITES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN q Go TEL. 415-961-2265
TECHNICAL SUMMARY
THE PURPOSE IS TO DETERMINE THE EFFECTS OF SPECTRAL
TRANSMITTANCE AND VARIABILITY UPON THE QUANTITATIVE INTERPRETATION OF
RADIOMETRIC DATA OBTAINED FROM AIRCRAFT AND SPACECRAFT; AND TO
DEVELOP ANALYTICAL MODELS FOR SUBSEQUENT CORRECTION AND
INTERPRETATION. THE RESEARCH WILL DIRECTLY SUPPORT THE PRESENT NASA
EARTH RESOURCES PROGRAM IN THAT THE MEASUREMENTS AND ANALYSES WILL
AID THE INTERPRETATION OF MULTISPECTRAL DATA FROM EARTH RESOURCES
TECHNOLOGY SATELLITES (ERTS) AND WILL DELINEATE OPTIMUM SPECTRAL
REGIONS FOR DETECTION AND IDENTIFICATION OF SELECTED RESOURCE
TARGETSo ANALYTICAL STUDIES WILL BE MADE OF THE SOLAR AND INFRARED
REGIONS TO DETERMINE THE CHARACTERISTICS AND INFLUENCE OF THE
ATMOSPHERE, IN:LUDING CLOUDS, ON THE SENSING OF SURFACE TEMPERATURES
AND SELECTED SPECTRAL REFLECTANCE AND EMITTANCE SIGNATURESo
PARAMETRIC STUDIES WILL BE MADE OF ATMOSPHERIC TRANSMISSION EFFECTS
AND SPECTRAL SIGNATURES OF SELECTED EARTH RESOURCES TARGETS TO
DETERMINE OPTIMUM SPECTRAL REGIONS FOR DETECTION AND
IDENTIFICATION. AIRBORNE SPECTRORADIOMETRIC M~ASUREMENTS OF DIRECT AND
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SCATTERED SOLAR RADIATION AND EMITTED INFRARED RADIATION FROM THE
EARTH AND AT~OSPHERE WILL BE MADE.
RTOP NO. 160-75-51 TITLE: SIGNATURE STUDIES AND SIMULATIONS FOR
ADVANCED EARTH OBSERVATIONS MISSIONS
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: HOVIS, W. A. TEL. 301-982-6465
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO DETERMINE SIGNATURES FOR
SELECTION OF SPECTRAL PARAMETERS OF ADVANCEP EARTH OBSERVATION
SENSORS, TO ACCURATELY SIMULATE PRESENTLY PLANNED SENSORS AND TO
DEVISE MEANS TD ACCURATELY CALIBRATE SENSORS PLANNED FOR THE FUTURE.
THE DETERMINATION OF SPECTRAL INTERVALS FOR FUTURE SENSORS WILL BE
USED TO OPTIMIZE THEIR USEFULNESS BY SELECTING THOSE SPECTRAL
INTERVALS THAT WILL PROVIDE MAXIMUM INFORMATION CONSIDERING BOTH
SURFACE AND AT~OSPHERIC EFFECTS ON SENSING. SPECTROMETERS WILL
PROVIDE A CONTINUOUS SPECTRUM OF SURFACES OF INTEREST THAT WILL ALLOW
COMPUTER SELECTION OF OPTIMUM SPECTRAL INTERVALS AND BAND SHAPES.
SIMULATORS WILL BE CONSTRUCTED THAT SIMULATE THE SPECTRAL RESPONSE
FUNCTIONS OF SENSORS PLANNED FOR FLIGHT ON ERTS AND EOS. THESE
SIMULATORS WILL BE USED TO PRODUCE DATA AND SIGNATURES THAT CAN BE
USED TO SUPPORT THE INTERPRETATION OF ERTS AND EOS DATA. THE
RESPONSE FUNCTIONS OF SENSORSSUCH AS THE ERTS, MSS AND RBV ARE SO
UNIQUE THAT NO DATA EXISTS ON WHICH TO BASE SIGNATURE STUDIES. SUCH
DATA MUST BE CDLLECTED WITH SIMULATING SENSORS. SENSORS PLANNED FOR
FUTURE EARTH OBSERVATION MISSIONS, PARTICULARLY IN AREAS SUCH AS
OCEANOGRAPHY, PRESENT PROBLEMS IN CALIBRATION NEVER
RTOP NO. 160-75-53 TITLE: PRESENTATION, MANIPULATION, VALIDATION,
AND RECORDING OF IMAGE DATA
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SOS, J. Y. TEL. 301-982-4419
TECHNICAL SUMMARY
THE ERTS GROUND DATA HANDLING SYSTEM (GDHS) IS BEING ESTABLISHED
WITH LITTLE FLEXIBILITY AND ESSENTIALLY NO R&D CAPABILITY. THIS
APPROACH IS SATISFACTORY TO MEET INITIAL USER REQUIREMENTS FOR ERTS-A
AND -B. BUT AS USER APPLICATIONS OF SATELLITE IMAGERY RVOLVE INTO
ARTICULATE REQUIREMENTS AND AS FUTURE SYSTEMS DEVELOP THE GDHS MUST
ALSO EVOLVE TO INSURE EFFECTIVE UTILIZATION OF IMAGERY DATA.
TECHNIQUES WILL BE INVESTIGATED THAT WILL L~AD UP TO THE GENERATION
OF MORE USEFUL IMAGE DATA PRODUCTS SUCH AS IMAGE MOS ENHANCED IMAGES,
AND FALSE COLOR"PRESENTATIONS. EMPHASIS WILL ALSO BE PLACED ON THE
DEVELOPMENT OF EFFICIENT DIGITAL IMAGE PROCESSING ALGORITHMS AND
SYSTEM CONCEPTS THAT DO NOT REQUIRE VERY LARGE DIGITAL COMPUTERS TO
KEEP UP WITH THE ANTICIPATED ANALYSIS.
190
RTOP NO. 160-75-54 TITLE: EARTH RESOURCES STUDIES WITH SATELLITE
IMAGERY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: SHORT, N. M. TELQ 301-982-6603
TECHNICAL SUMMARY
IT IS PROPOSED TO DEVELOP AND IMPLEMENT ANALYTICAL PROCEDURES
FOR INTERPRETATION OF EARTH RESOURCES DATA FROM SATELLITE
OBSERVATIONS, SUPPLEMENTED BY AIRCRAFT IMAGERY AND GROUND
MEASUREMENTS. SPECIFIC OBJECTIVES ARE TO 1) EXAMINE THE EARTH'S
SURFACE AS A UNIFIED CONTINUUM OF OBJECTS WITH DIFFERING SPECTRAL
PROPERTIES, AND 2) DEVELOP PROVEN TECHNIQUES FOR PROCESSING AND
INTERPRETATION OF SATELLITE-OBTAINED DATA APPLICABLE TO RESOURCES
EXPLORATION AND MANAGEMENT. TO DATE 17 ACTIVITI-ES ORIENTED TOWARDS
THESE OBJECTIVES INCLUDE STUDIES OF NIMBUS DATA RELATING TO
PHENOLOGICAL CHANGES IN AFRICA AND TO GEOLOGICAL FEATURES IN WYOMING
AND COLORADO, INVESTIGATION OF AUTOMATIC PATTERN RECOGNITION
TECHNIQUES FOR SPACE-ACQUIRED IMAGERY, AND ACQUISITION OF SETS OF
REFLECTANCE SPECTRA AND MULTIBAND PHOTOS OF SOILS, ROCKS, AND PLANTS
MEASURED IN THE LABORATORY AND THE FIELD.
RTOP NO. 160-75-55 TITLE: IRIS~D BREADBOARD MODIFICATION TO 0.03 CM
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HANEL, R. A. TEL. 301-982-4528
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEMONSTRATE IN THE LABORATORY THE
FEASIBILITY OF CONSTRUCTING A SMALL LIGHTWEIGHT, INFRARED
INTERFEROMETER CAPABLE OF RESOLVING THE ROTATIONAL STRUCTURE OF GASES
IN THE EARTH'S ATMOSPHERE. TO THIS END THE PRESENTLY AVAILABLE
NIMBUS~D BREADBOARD WILL BE MODIFIED TO ACHIEVE 0.03 CM RESOLUTION.
THE MODIFICATIJN WILL CONCENTRATE ON A NEW MICHELSON MOTOR DESIGN,
BUT WILL ALSO INCLUDE A COOLED DETECTOR, AND A LASER AS A WAVELENGTH
REFERENCE.
RTOP NO. 160-75-55 TITLE: MSC REGIONAL CENTER FOR EARTH RESOURCE
SURVEY APPLICATIONS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: ERB, R. B. TEL. 713~483-4623
TECHNICAL SUMMARY
THE MSC REGIJNAL CENTER FOR EARTH RESOURCE SURVEY APPLICATIONS
IS ESTABLISHED FOR THE PURPOSE OF STUDYING AND APPLYING EARTH
RESOURCES REMOTE SENSING TECHNOLOGY TO AN 18-COUNTY AREA SURROUNDING
THE CITY OF HOUSTON, THIS WILL INCLUDE A SURVEY OF THE AREA AND
DETAILED STUDY OF SPECIFIC PROBLEMS WITHIN THIS TEST SITE. THE
APPRO ACH WILL BE TO S ELECT A SPECIFIC II USER" OR "OPE RATING" AGENCY
PROBLEM OR TASK, TO EXAMINE AND ANALYZE THE INPUT PARAMETERS TO THIS
TASK AND THE OUTPUT PRODUCT OF THE SELECTED AGENCY, AND ATTEMPT TO
IMPROVE OR OPTIMIZE THE JOB OR PRODUCT BY INTEGRATING INTO THE TASK
THE PRINCIPLES OF REMOTE SENSING AND INFORMATION SYSTEMS TECHNOLOGY.
THE "PILOT PLAUT" WILL OPERATE THE EXISTING INFOR MATION SYSTEMS OF
THE "OPERATING AGENCIES" INTERNAL TO THE "PILOT PLANT" AND WILL
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MEASURE AND DEMONSTRATE THE IMPROVEMENTS ATTAINED WITH THE
INTEGRATION OF REMOTE SENSING AND INFORMATION SYSTEMS TECHNOLOGY.
THE GOAL IS THE DEVELOPMENT AND DEMONSTRATION OF IMPROVED SYSTEMS FOR
MONITORING AND PRODUCING MANAGEMEBT DECISIONS CONCERNING THE
TERRESTRIAL ENVIRONMENT. THESE SYSTEMS WILL BE DESIGNED,
IMPLEMENTED, AND OPERATED IN THE PERFORMANCE OF PRACTICAL
APPLICATIONS TASKS, USING BOTH CONVENTIONAL AND NEWER TECHNIQUES FOR
OBTAINING DATA, PROCESSING DATA, AND MAKING DECISIONSe INITIALLY
DATA WILL BE DERIVED FROM THE EARTH RESOURCES AND AIRCRAFT PROGRAM
BUT ERTS AND SKYLAB/EREP DATA WILL BE UTILIZED AS SOON AS POSSIBLE.
THE INFORMATION GAINED WILL BE USED TO GUIDE TECHNIQUE RESEARCH AND
DEVELOPMENT; AND TO PRODUCE A SEQUENCE OF DOCUMENTED APPLICATIONS
TASKS FOR USE IN TRANSMITTING THE RESULTS TO LOCAL, STATE, AND
FEDERAL AGENCIES w TO INDUSTRY AND COMMERCIAL INTERESTS, AND TO THE
PUBLIC AT LARGE.
RTOP NO. '60-75~56 TITLE: HARDWARJ FOR HANDLING AIRCRAFT AND
SPACECRAFT ACQUIRED DATA
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: HOLTER u M. R. TEL. 713-483-4776
TECHNICAL SUMMARY
THE REQUIREMENT TO ACQUIRE AIRCRAFT AND SPACECRAFT DATA AT
EXTREMELY HIGH PACKING DENSITIES HAS NECESSITATED THE DEVELOPMENT OF
MANY DIVERSIFIED AND SOPHISTICATED DATA ACQUISITION SYSTEMS EMPLOYING
A BROAD SPECTRUM OF ENCODING AND FORMATING TECHNIQUES. THE TECHNIQUE
EMPLOYED BY THESE SYSTEMS HAS, IN MANY CASES, SURPASSED THE
CAPABILITY OF EXISTING DATA CORRELATION AND PROCESSING HARDWARE TO
HANDLE THESE DATA IN AN ACCURATE AND TIMELY MANNER. IT IS THEREFORE
REQUIRED THAT :OMPLEMENTARY TECHNIQUES BE DEVELOPED THAT CAN BE
IMPLEMENTED IN EXISTING AND FUTURE AUTOMATIC DATA CORRELATION AND
PROCESSING SYSTEMS THAT WILL PERMIT EFFICIENT PROCESSING AND ANALYSIS
OF THESE DATA. SPECIFIC AREAS THAT REQUIRE TECHNIQUE DEVELOPMENT
INCLUDE: AUTO~ATIC DATA REGISTRATION; SIGNATURE DATA ANALYSIS; AND
MICROWAVE SENSJRS DATA ANALYSIS. HARDWARE WILL BE DEVELOPED TO
IMPLEMENT THE rECHNIQUES REQUIRED TO PROCESS THESE DtTA. STUDIES
WILL BE UNDERTAKEN TO DEFINE THE DETAILED SPECIFICATIONS REQUIRED TO
DEVELOP, TEST, IMPROVE, AND IMPLEMENT TECHNIQUES, HARDWARE, AND
SYSTEMS THAT WILL MEET DATA EXTRACTION AND MANAGEMENT REQUIREMENTS.
RTOP NO. 160-7~-57 TITLE: INSTRUMENTS FOR SENSING EARTH RESOURCES
FROM Ale AND MANNED SIC
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: EVANS. De E. TEL. 713-483-4776
TECHNICAL SUMMARY
THE INTENT OF THIS PORTION OF THE EARTH RESOURCES PROGRAM IS TO
INVESTIGATE THE VARIOUS TYPES OF SENSORS AND SYSTEMS FROM AIRCRAFT
AND SPACECRAFT AND EVALUATE THEIR UTILITY FOR PROVIDING PERIODIC DATA
WHICH WILL ENABLE THE VARIOUS USERS TO CONDUCT THEIR EARTH RESOURCES
TASKS MORE EFFICIENTLYo STUDY, DEVELOP. TEST, AND IMPROVE SENSORS
AND SYSTEMS TO DETECT, IDENTIFY, LOCATE AND MEASURE EARTH RESOURCES
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PHENOMENA FROM AERIAL AND ORBITAL ALTITUDE. MEASUREMENTS ARE TO BE
MADE IN THE MICROWAVE, INFRARED, VISIBLE, AND ULTRAVIOLET PORTION OF
THE ELECTROMAGNETIC SPECTRUM. THIS TASK IS BEING PERFORMED TO
PROVIDE DATA IN DISCIPLINES SUCH AS AGRICULTURE/FORESTRY g GEOGRAPHY~
HYDROLOGY,OCEANOGRAPHY, AND GEOLOGY TO PROVIDE THE INVESTIGATOR IN
THE AREAS WITH DATA FROM WHICH THEY MAY ESTABLISH COMPREHENSIVE
MODELS OF ATMOSPHERE DYNAMIC EARTH 8 OCEANS, AND LAND.
RTOP NO. 160-75-58 TITLE: UNIVERSITY OF MICHIGAN SPECIAL COMPETENCE
GROUP, DATA PROCESSING, AND INFORMATION
EXTRACTION FOR MULTICHANNEL AND RADAR
SENSORS (liV, VISIBLE~ IR, AND MW)
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: EVANS, D. E. TEL. 713-483-4776
TECHNICAL SUMMARY
MANY VARIABLE PHYSICAL FACTORS AFFECT THE DATA COLLECTED BY
REMOTE SENSORS AND LIMIT THE EFFECTIVENESS OF PRESENT INFORMATION
EXTRACTION TECHNIQUES USED IN ANALYZING SUCH DATA. ALSO q THE PRESENT
PROCESSING TECHNIQUES ARE LIMITED TO THE AREAS NEAR "GROUND TRUTH"
SITES USED AS "TRAINI NG SETS ". SPACEBORNE SENSORS AND AI RCRA FT
UNDERFLIGHTS MAKE WIDE AREA SURVEYS FOR EARTH RESOURCES POSSIBLE, IN
TURN CREATING LARGE VOLUMES OF DATA FROM WHICH INFORMATION MUST BE
EXTRACTED. TO SURMOUNT THE LIMITED POWER OF PRESENT INFORMATION
EXTRACTION TECHNIQUES RESEARCH STUDY IS UNDERWAY (1) TO UNDERSTAND
THE PHYSICAL PHENOMENA CAUSING THE VARIABILITY AND IMPOSING THE
LIMITATIONS g (2) TO DEVELOP MORE POWERFUL TECHNIQUES FOR OVERCOMING
THOSE LIMITATIONS, AND (3) TO APPLY THEM TO ACTUAL SURVEY
APPLICATIONS. TO AID IN REMOVING THE REQUIREMENT FOR LOCAL "GROUND
TRUTH," (1) SPECTRAL SIGNATURES OF VARIOUS MATERIALS ARE BEING
MEASURED AND COLLECTED IN THE EARTH RESOURCES SPECTRAL INFORMATION
SYSTEM AT THE MANNED SPACECRAFT CENTER, AND (2) STUDIES ARE PLANNED
TO DEVELOP MATHEMATICAL MODELS TO APPLY THE EFFECTS OF ENVIRONMENTAL,
INSTRUMENTAL, ~ND TEMPORAL DIFFERENCES TO THE STORED LABORATORY AND
FIELD SIGNATURES TO CONSTRUCT SIGNATURES WHICH WILL BE USEFUL IN
INFORMATION EXTRACTION METHODS IN OPERATIONAL SURVEY APPLICATIONS.
TO ENABLE MORE ECONOMIC PROCESSING OF THE LARGE VOLUME OF DATA,
HIGHLY EFFICIENT SYSTEMS ARE BEING DEVELOPED TO PERMIT "NEAR REAL
TIME" DATA PROCESSING. THIS CAPABILITY WILL BE MADE AVAILABLE TO THE
USER AGENCIES.
RTOP NO. 160-75-59 TITLE: UNIVERSITY OF KANSAS SPECIAL COMPETENCE
GRCUP RADAR DATA APPLICATIONS AND SYSTEMS
STUDIE S
ORGANIZATION: MANNED SPACECRAFT CENTER!
MONITOR: EVANS, D. E. TEL. 713-483-4776
TECHNICAL SUMMARY
THE OBJECTIVE IS TO CONDUCT SIGNATURE STUDIES AND DETERMINE
RADAR SYSTEMS TO BE USED IN AIRCRAFT AND EARTH ORBITING SPACECRAFT
FOR THE PURPOSE OF MAPPING THE GROSS FEATURES OF THE EARTH. TO
PROVIDE EVALUATION OF THE USEFULNESS OF THE SPACEBORNE RADAR AS A
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GEOSCIENCE EXPERIMENT AND nAPPING TOOL FOR STUDY OF EARTH RESOURCES
IN THE FIELDS OF GEOLOGY, FORESTRY, GEOGRAPHY, AND OCEANOGRAPHY.
SYSTEM STUDIES WILL BE CONDUCTED OF MULTIPLE-POLARIZED RADAR IMAGING
SYSTEMS. FEASIBILITY STUDIES OF THE RADAR SYSTEMS ARE PROCEEDING.
MANY OF THE PARAMETERS TO BE MEASURED HAVE BEEN IDENTIFIED. DATA
ANALYSIS TECHNIQUES ARE BEING CONTINUOUSLY IMPROVED. RADAR DATA IS
BEING COLLECTED AND EVAiuATED FROM SEVERAL SOURCES: EXISTING RADAR
DATA WHERE SOME KNOWLEDGE OF THE TERRAIN STATE AT THE TIME OF IMAGING
IS AVAILABLE CITRRENTLY OBTAINED DATA FROM AIRCRAFT-BORNE RADARS WHERE
ON SITE TERRAIN STATE IS OBTAINED CURRENTLY WITH OVERFLIGHT; ACOUSTIC
MODELING DATA AND RADAR DATA OBTAINED FROM GROUND STATION LABORATORY
INSTRUMENTATION.
RTOP NO. 160-75-60 TITLE: MIDWEST/GREAT LAKES APPLICATIONS OF EARTH
OBSERVATION SATELLITES
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: MARK, H. TEL. 216-433-4000
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THIS PROGRAM IS TO ENCOURAGE AND
PROMOTE USEFUL LOCAL AND REGIONAL APPLICATIONS OF THE CAPABILITIES OF
EARTH OBSERVATION SATELLITES AND AIRCRAFT. TO ACHIEVE THIS
OBJECTIVE, A BASIC IN-HOUSE CAPABILITY IS BEING DEVELOPED AT LEWIS TO
RECEIVE, PROCESS, INTERPRET, AND DISTRIBUTE SATELLITE AND AIRCRAFT
IMAGES AND DATA, SO THAT LEWIS CAN EFFECTIVELY SERVE AS NASA'S
REGIONAL CENTER FOR INITIATING, COORDINATING AND IMPLEMENTING
APPLICATION PR8GRAMS. TO ACHIEVE MAXIMUM EFFICIENCY IN USE OF
AVAILABLE FUNDS, LEWIS WILL INCORPORATE REGIONAL DATA ACQUISITION AND
PROCESSING CAPABILITIES AND THE CAPABILITIES AND INTERESTS OF
REGIONAL USER JRGANIZATIONS INTO A SERIES OF COOPERATIVE PROGRAMS
DIRECTED TOWARD THOSE APPLICATIONS THAT SEEM TECHNICALLY MOST
FEASIBLE AND ECONOMICALLY MOST SIGNIFICANT IN THIS REGION.
CURRENTLY, PROGRAMS IN VARIOUS STAGES OF PLANNING ARE DIRECTED TOWARD
(1) GREAT LAKES REGIONAL WATER QUALITY EVALUATION AND MONITORING, (2)
GREAT LAKES ICE EVALUATION AND MONITORING. SEVERAL OTHER APPLICATIONS
OF MORE LIMITED SCOPE ARE ALSO BEING CONSIDERED.
RTOP NO. 160-15-61 TITLE: STATISTICAL DATA MANAGEMENT METHODS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: :AREY, W. T. TEL. 205-453-3424
TECHNICAL SUMMARY
LARGE VOLUMES OF COMPLEX AND DIVERSE DATA SETS ARE BEING
GENERATED VIA ~IRCRAFT FLIGHT SURVEYS AND THE ERTS PROGRAM. IN ORDER
TO REALIZE THE BENEFITS FROM THIS MAGNITUDE OF EARTH SURVEY DATA, A
GENERALIZED SEr OF STATISTICA~ DATA MANAGEMENT ALGORITHMS NEED TO BE
DEVELOPED FOR THE' DATA ANALYSIS, WHICH REQUIRES ONLY MINOR
MODIFICATIONS FOR SPECIFIC USER APPLICATIONS. SUCH ALGORITHMS ARE
ALREADY IN THE DEVELOPMENT STAGE AND AT PRESENT SOME ARE NEAR
COMPLETION. THE APPROACH IS TO CONTINUE THE DEVELOPMENT OF THESE
ALGORITHMS ON ALREADY AVAILABLE AIRCRAFT AND FLIGHT SURVEYS OF
HYDROLOGICAL TARGETS. AFTER COMPLETION OF THE DEVELOPMENT STAGE.
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PLANS WILL BE MADE FOR ADAPTING THESE ALGORITHMS TO ON-LINE ANALYSIS
IN THE FLIGHT SURVEY INSTRU~ENT PACKAGE~
RTOP NO$ 160-75-62 TITLE: EARTH ECOLOGY ~ WILDLIFE RESEARCH
ORGANIZATION~ GODDARD SPACE FLIGHT CENTER
MONITOR: COTE, Co EQ TELa 301~982-4215
TECHNICAL SUMMARY
THE OBJECTIVE IS TO INVESTIGATE APPLICATIONS OF SPACE TECHNOLOGY
IN THE STUDY OF EARTH'S WILDLIFE AND TO DEVELOP INSTRUMENTATION
COMPATIBLE WITH THE ANIMAL ENVIRONMENT FOR SATELLITE TRACKING AND
DATA COLLECTION APPLICATIONS. A STUDY PROGRAM-IS UNDERWAY TO DEFINE
ANIMAL TRACKING REQUIREMENTS THROUGH A SURVEY OF BIOLOGISTS AND
MANAGERS OF WILDLIFE. THE SURVEY WILL ENDEAVOR TO CLARIFY THE TYPES
AND CLASSES OF ANIMALS WHICH SHOULD BE TRACKED~ ON THE BASIS OF THE
USER REQUIREMENTS e CONCEPTS WILL BE DEVELOPED FOR INSTRUMENTATING THE
VARIOUS ANIMALS WITH EQUIPMENT SUITABLE FOR SATELLITE TRACKING
THROUGH DOPPLER TECHNIQUES. CONCEPTS WILL BE EVALUATED THROUGH TEST
PROGRAMS UNDER SIMULATED ANIMAL ENVIRONMENT CONDITIONS. VIABLE
TECHNIQUES PROVEN THROUGH TESTING WILL BE MADE AVAILABLE TO THE
SCIENTIFIC USER COMMUNITYe
RTOP NO. 160-75-64 TITLE: THE USE OF RAMAN SPECTROSCOPY FOR REMOTE
SIGNATURE RECOGNITION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: HUDSON, R~ D. TEL~ 713-483-6234
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO EXPLORE THE FEASIBILITY OF
USING RAMAN SPECTROSCOPY FOR THE REMOTE SIGNATURE RECOGNITION OF
VEGETATION, MINERALS, AND WATER PRODUCTIVITY. THE OBJECTIVE WILL BE
ACHIEVED BY (1) LABORATORY MEASUREMENTS OF THE LASER RAMAN SIGNATURES
OF SELECTED TARGETS, (2) USING THESE MEASUREMENTS TO CALCULATE
EXPEtTED RETURNS FROM A REMOTE RAMAN SYSTE~g (3) CONSTRUCTING A
BREADBOARD REMOTE SENSING SYSTEM 6 WHICH CAN BE TESTED BOTH IN THE
LABORATORY AND IN THE FIELD (IF THE RESULTS OF (2) ARE FAVORABLE).
RTOP NO. 160-15-66 TITLE: REMOTE SENSING OCEANOGRAPHY PLAN
ORGANIZATION: DEPARTMENT OF THE NAVY
MONITOR: SHERMAN, Je W. III TEL. 202-761-2837
TECHNICAL SUMMARY
IN OCTOBER 1965, A FORMAL WORKING AGREEMENT WAS SIGNED BY DR.
ROBERT SEAMANS, NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)
AND DR. ROBERT MORSE, ASSISTANT SECRETARY OF THE NAVY (R&D) TO
COOPERATE IN CONDUCTING A RESEARCH PROGRAM TO DEFINE FEASIBLE OCEAN
MEASUREMENTS FROM SPACE PLATFCFMS. THE PROGRAM WAS ASSIGNED BY THE
NAVY TO THE NAVAL OCEANOGRAPHIC OFFICE WHICH ESTABLISHED THE
SPACECRAFT OCEANOGRAPHY (SPOC) PROJECT. THE AREAS OF RESEARCH TO
SPECIFY SENSOR SYSTEMSg OBSERVATIONAL REQUIREMENTS w AND DATA HANDLING
TECHNIQUES WERE PREVIOUSLY DIVIDED INTO SEVEN AREAS OF FEASIBILITY AS
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INDICATED IN TABLE ilA"~ THIS RESEARCH AN.D TECHNOLOGY OBJECTIVE AND
PLAN (RTOP) FOR FY72 WILL CONTINUE THIS RESEARCH EXCEPT THAT THE
PROGRAM IS NOW DIVIDED INTO FOUR PRIME RESEARCH AREAS AS RELATED TO
THE FEASIBILITY AREAS IN TABLE IiA t~. IT SHOULD BE NOTED THAT ACTION
IS IN PROGRESS TO MAKE THE FOLLOWING CHANGES WITH REGARD TO THE SPOC
PROJECT FOR FISCAL YEAR 1972: (1) THE PERSONNEL AND MISSION OF THE
SPOC PROJECT WILL BE TRANSFERRED FROM THE NAVAL OCEANOGRAPHIC OFFICE
TO THE NAVAL RESEARCH LABORATORY. (2) THE NAME OF THE PROJECT WILL
BE CHANGED TO rHE REMOTE SENSING OCEANOGRAPHY (RSOe) PROJECT. (3)
THE ANNUAL DIRECT NAVY SUPPORT POR THIS PROJECT WILL BE INCREASED
FROM $70K TO ABOUT $300K IN FY72. INDIRECT SUPPORT IS NOTED IN 18.B
WHICH FOLLOWS.
RTOP NO. 160-75-69 TITLE~ GEOLOGY USDI
ORGANIZATION: NASA HEADQUARTERS
MONITOR: PARKe A. B. TEL. 202-963-6523
TECHNICAL SUMMARY
TO APPLY AN INTERDISCIPLINARY· APPROACH OF PHYSICS AND GEOLOGY IN
THE DEVELOPMENr OF REMOTE SENSING AS A TOOL IN DISCRIMINATING ROCK
AND SOIL TYPES AND THE IDENTIFICATION OF STRUCTURAL FEATURES AND
MINERALIZED ZONES. B) TO USE SATELLITE AND AERIAL PHOTOGRAPHY AND
OTHER IMAGING REMOTE SENSORS TO OBSERVE LARGE SCALE GEOLOGIC FEATURES
THAT REVEAL GEJTECTONIC AND GEOMORPHIC RELATIONSHIPS OF REGIONAL OR
CONTINENTAL SIGNIFICANCE. C) TO IDENTIFY AND REPEATEDLY OBSERVE
ACTIVE TIME~VARIANT PHENOMENA SUCH AS NEAR-SHORE CURRENTS, THERMAL
SPRING ACTIV!TY, AND THERMAL ANOMALIES ASSOCIATED WITH ACTIVE
VOLCANOES IN A STATE OF REPOSE, SEASONAL VARIATIONS IN VEGETATION AND
SNOW COVER THAr MAY BE DIRECTlY RELATED TO GEOLOGIC PROCESSES OR THAT
MAY ENHANCE SOME GEOLOGIC FEATURES. D) TO DEFINE WHICH INSTRUMENTS
FOR GROUND-MONITORING OF ACTIVE VOLCANOES AND EARTHQUAKE REGIONS ARE
SUITABLE FOR USE IN A SATELLITE TELEMETRY NETWORK. INFRARED IMAGES
OF THE MILL CREEK, OKLA. TEST AREA PERMIT DISTINCTION OF RELATIVELY
PURE LIMESTONE AND DOLOMITE SUITABLY FOR REMOTE GEOLOGIC MAPPING;
BEDDING DETAIL IS SUFFICIENT FOR DETERMINATION OF FOLDS AND FAULTS,
AND SOME FAULTS NOT OTHERWISE EXPOSED ARE SHOWN BY I~FRARED IMAGES.
B) A DETAILED ANALYSIS HAS BEEN PERFORMED TO PROVE THE FEASIBILITY
OF USING A TUNABLE CARBON DIOXIDE LASER SYSTEM (9.1 TOEXPLORATION.
C) A SOILS ASSOCIATION MAP OF A ASSOCIATION MAP OF 111,000 SQUARE
MILE AREA IN THE SOUTHWESTERN U.S. AND NORTHERN MEXICO COMPILED FROM
GEMINI PHOTOGR~PHSe SHOWS CONSISTENCY BETWEEN MAPPED UNITS NOT
NORMALLY AVAILABLE ON MAPS COMPILED BY CONVENTIONAL MEANS WHERE
SEVERAL SOURCES OF DATA MUST BE USEDo D)~-~-
RTOP NO. 160-75-70 TITLE: HYDROLOGY, USDI
ORGANIZATION: NASA HDQTRS.
MONITOR: DEUTSCH, M. TEL. 202-382-4423
TECHNICAL SUMMARY
THE HYDROLOGIC PROBLEMS HAVE BEEN DIVIDED INTO 3 STUDY
CLASS ES: (1} HYD ROLOGIC FEATURES, (2) HYDR OLOGIC APPLICATIONS OF
MICROWAVE SENSORS, AND (3) HYDROLOGIC STUDIES IN THE CENTRAL ATLANTIC
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REGIONAL ECOLOGICAL TEST SITE. THE PURPOSE OF THE HYDROLOGY PROGRA~
IS TO DEVELOP APPLICATIONS OF REMOTE SENSOR TECHNOLOGY IN THE
SOLUTION OF WArER RESOUCES PROBLEMS AND TO DEVELOP AN AUTOMATED DATA
COLLECTION, PR)CESSING, ANALYSIS AND DISTRIBUTION NETWORK UTILIZING
BOTH REMOTE SENSOR (AIR AND SPACE) AND GROUND CONTROL DATA. A
REAL-TIME NETWORK OF GROUND MCNITOR STATIONS WILL BE SELECTED FROM
ABOUT 50,000 DATA COLLECTION STATIONS PRESENTLY MAINTAINED BY THE
USGS WATER RES~URCES DIVISION IN COOPERATION WITH ALL 50 STATES~ AND
NUMEROUS FEDERAL, INTERSTATE AND LOCAL AGENCIESG REMOTE SENSING ADDS
3 DIMENTIONS TO CONVENTIONAL HYDROLOGIC STUDIES THAT CANNOT BE
READILY OBTAINED BY ANY OTHER MEANSG THESE ARE: (1) SPATIAL--!\.
RECORD AT A GIVEN TIME CAN BE OBTAINED ACCORDING TO AREA
COVERAGE-RESOLUTION REQUIREMEN'IS Q ~2) SPECTRAL--INFORMATION CAN BE
ACQUIRED BEYOND THE SPECTRAL RANGE OF COMPREHENSIONw AND (3)
TEMPORAL--RECORDS CAN BE ACQUIRED FOR STUDY OF CHANGE (TIDE, DIURNAL,
SEASONAL AND LJNG TERM). THIS REMOTE SENSING DATA PROVIDES AN
OVERVIEW FOR HYDROLOGIC INTERPRETATION OF DATA ACQUIRED BY GROUND
SENSORS AND PRJVIDES INFORMATION BETWEEN DATA COLLECTION STATIONS.
THERE IS A STRJNG TIE BETWEEN THE AIRCRAFT PROGRAM AND THE COMING
ERTS AND SKYLAS PROGRAMS. THE HYDROLOGY PROGRAM STRIVES TO BRING
TOGETHER COMPLEMENTARY GROUND, SKY u AND SPACE DATA THAT CAN BE USED
FOR IMPROVED DECISIONS WITHIN WATER RESOURCES MANAGEMENT.
RTOP NO. 160-75-71 TITLE: PURDUE APPLICATION ANALYSIS
ORGANIZATION: MANNED SPACECRAFT CENTER'
MONITOR: EVANS, D. EG TELo 713-483-4716
TECHNICAL SUMMARY
RESEARCH ACTIVITIES BEGAN AT PURDUE UNIVERSITY IN 1966 AT THE
LABORATORY FOR AGRICULTURAL REMOTE SENSING (LARS) UNDER THE
SPONSORSHIP OF NASA IN COOPERATION WITH THE USDA. THE PRINCIPAL
OBJECTIVE OF THE ACTIVITY WAS, AND CONTINUES TO BE, THE DEVELOPMENT
OF DATA ACQUISITION, PROCESSING, AND DISTRIBUTION TECHNIQUES FOR
INCORPORATION INTO EARTH RESOURCES INFORMATION SYSTEMS OF THE FUTURE.
TIMELY, ACCURATE, AND COMPREHENSIVE DATA ARE ESSENTIAL TO PRUDENT
RESOURCE DEVELOPMENT PLANNING AND RESOURCE USE MANAGEMENT. FUTURE
INFORMATION SYSTEMS WILL DEPEND ON OBSERVATIONS AND MEASUREMENTS
COLLECTED FROM THE GROUND, AIR, AND SPACE. THE OBSERVATIONS
COLLECTED BY FUTURE EARTH-ORIENTED SATELLITES WILL BE SUPPLEMENTED BY
MEASUREMENTS AND OBSERVATIONS BY AIRCRAFT SYSTEMS. GROUND
OBSERVATIONS WILL CONTINUE TO BE OF VALUE. REGARDLESS OF HOW DATA ARE
REQUIRED, THERE IS A TREMENDOUS NEED TO BE ABLE TO PROCESS THE DATA
AUTOMATICALLY FOR THEIR INFORMATION CONTENT. THE MAJOR THRUST OF THE
RESEARCH PROGRAMS AT PURDUE UNIVERSITY IS ORIENTED TOWARD MEETING
THIS REQUIREMENT.
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RTOP NO. 160-75-71 TITLE: URBAN AND REGIONAL CHANGE DETECTION &
PREDICTION: ECOLOGICAL TEST SITE
ORGANIZATION: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MONITOR: PARK, A. B. TEL. 202-963-6523
TECHNICAL SUMMARY
THE USGS GEOGRAPHIC APPLICATIONS PROGRAM ACTIVITIES FOR FY 1912
WILL INCLUDE THE DEVELOPMENT OF PROCEDURES TO DETECT g IDENTIFY, AND
MEASURE REGIONAL LAND USE CHANGES AND USE THE RESULTS OF THE RESEARCH
IN ASSESSING THE CONSEQUENCES OF THOSE CHANGES IN TERMS OF
ENVIRONMENTAL IMPACTS IN MULTI-DISCIPLINARY STUDY SITES (CENTRAL
ATLANTIC~ SO. ARIZONA. AND CALIFORNIA). REMOTE SENSOR DATA FROM HIGH
ALTITUDE AIRCR~FT AND ERTS SIMULATED DATA WILL BE UTILIZED IN THE
PREPARATION OF ADEQUATE MAPS AND DEVELOPMENT OF COMPUTERIZED DATA
BANKS FROM WHI~H TO MEASQRE CHANGES, IDENTIFY TRENDS, AND FORECASf
ENVIRONMENTAL INTERACTIONS IN THE SAMPLE GROUP OF "CENSUS CITIES"
WHICH. WERE OVERFLOWN AT THE SAME TIME AS THE 1910 CENSUS OF
POPULATION. A SYSTEM WILL BE DEVELOPED TO INCORPORATE PERIODiCALLY
GATHERED REMOTE SEN50R DATA FROM SATELLITES FOR URBAN PLANNING AND
MANAGEMENT, AND TO SIMPLIFY PREDICTIVE MODELS OF INTER- AND
INTRA-URBAN CHANGE. IN ADDITION, THE GEOGRAPHIC APPLICATIONS PROGRAM
PROPOSES TO DEVELOP AN INTEGRATED ENVIRONMENTAL PROJECT, THE CENTRAL
ATLANTIC REGIO~AL ECOLOGICAL TEST SITE (CARETS) THAT WILL PROVIDE AN
OPERATIONAL TEST OF THE UTILITY OF MONITORING ENVIRONMENTAL CHANGE BY
MEANS OF REMOTE SEN SO RS; DEVElOP A MULTI-DISCIPLINARY I NFORMA TION
SERVICE FOR PEDERAL v STATE, REGIONAL, AND LOCAL INSTITUTIONS WITH
DECISION MAKING RESPONSIBILITIES IN THE AREA ENVIRONS; INCORPORATE
EXISTING DATA WITH HIGH ALTITUDE AND ERTS DATA; AND BRING TOGETHER
POTENTIAL USERS AND EDUCATE THEM AS TO THE PROCEDURES AND METHODOLOGY
FOR PRACTICAL AND OPERATIONAL APPLICATION OF REMOTE SENSOR DATA.
STUDIES WILL ALSO BE CONDUCTED TO DETERMINE IF REMOTE SENSING DATA
CAN----
RTOP NOo 160-75-72 TITLE: CARTOGRAPHIC APPLICATIONS
ORGANIZATION: NASA HEADQUARTERS _
MONITOR: PARK g Ao TEL. 202-963-7101
TECHNICAL SUMMARY
TfrE SPECIFIC OBJECTIVES ARE TO: 1. APPLY REMOTE SENSING OF THE
EARTH (BASICALLY FROM SPACE) TO THE FOLLOWING: A. TOPOGRAPHIC AND
PLANIMETRIC BASE MAPPING. B. RAPID THEMATIC MAPPING OF SIGNIFICANT
TEMPORAL PHENOMENA SUCH AS WATER, SNOW g VEGETATION AND THE MASSED
WORKS OF MAN. C. PROCESSED IMAG~S FROM WHICH USEFUL INFORMATION CAN
BE MORE READILY .DERIVED FOR A VARIETY OF APPLICATIONS ASSOCIATED WITH
EARTH OBSERVATIONS~ D. RAPID DETERMINATION OF PRECISE POINT LOCATION
OF UNPREDICTABLE PHENOMENA. 2. PROVIDE A USER ORIENTED RESEARCH
FACILITY IN WHICH ANALOG DATA PROCESSING TECHNIQUES CAN BE DEVELOPED
AND TESTED IN ~ONJUNCTION WITB VARIOUS USER GROUPS ASSOCIATED WITH
EARTH OBSERVATIONS FROM SPACE.
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RTOP NO. 160-15-73 TITLE: NATURAL AND CULTURAL RESOURCES MANAGEMENT
ORGANIZATION: NASA HEADQUARTERS
MONITOR: PARK~ A. TEL. 202-963-1101
TECHNICAL SUMMARY
THE THIRTEEN TASKS COVERED BY THIS PLAN HAVE INTERRELATED AND
SHARED OBJECTIVES. THESE OBJECTIVES ARE: 1Q TO ENHANCE THE ABILITY
OF VARIOUS BUREAUS INCLUDING RECLAMATION u LAND MANAGEMENT e INDIAN
AFFAIRS v MINES, OUTDOOR RECREATION~ SPORT FISHERIES AND WILDLIFE u AND
THE NATIONAL PARK SERVICE, TO PERFORM THEIR MISSIONS OF THE
EFFECTIVE, TIMELY e ECONOMICAL e AND EFFICIENT MANAGEMENT OF THE
VARIOUS RESOURCES FOR WHICH THEY ARE RESPONSIBLE. 2. INVESTIGATE
REMOTELY SENSED DATA AVAILABLE FBOM AIRCRAFT, ERTS AND SKYLAB TO
DETERMINE THE FEASIBILITY OF AND HOW BEST TO UTILIZE THE INFORMATION
THUS OBTAINED TO STUDY v INVENTORY p ANALYZE, CLASSIFY AND IDENTIFY
LAND USEe WATER e POLLUTION u VEGETATION, MINERALS. ARCHAEOLOGICAL
SITES AND OTHER RESOURCES TO BETTER UNDERSTAND, MONITOR. CONSERVE AND
MANAGE THE LIMITED NATURAL RESOURCES AVAILABLE FOR MINING g GRAZING,
RECREATION, SP~RTS, WILDLIFE AND OTHER BENEFICIAL USESe 3. DEFINE
METHODS AND DEVELOP TECHNIQUES AND PROVIDE FACILITIES TO ACQUIRE,
PROCESS, STORE, INTERPRET, AND DISSEMINATE RELEVANT INFORMATION
OBTAINED BY REMOTE SENSING TO THE RESPONSIBLE USERS. 4. PERFORM ONE
OF MORE OF THE ABOVE FUNCTIONS RELATED TO VARIOUS LOCATIONS INCLUDING
THE ARIZONA AND ROCKY MOUNTAIN TEST SITES, THE COLORADO RIVER, THE
PACIFIC NORTHWEST, DESERT LANDS, PUBLIC LAND, NORTH AND SOUTH
CAROLINA, TVA AND APPALACHIA.
RTOP NO. 160-75-75 TITLE: PUBLIC HEALTH ECOLOGY
ORGANIZATION: ~ANNED. SPACECRAFT CENTER
MONITOR: FULLER, C. Eo TEL~ 713-483-3108
TECHNICAL SUMMARY
THE PUBLIC HEALTH ECOLOGY GROUP OF THE MEDICAL RESEARCH AND
OPERATIONS DIRECTORATE IS ENCOURAGED THAT IT WILL FIND SIGNIFICANT
SCIENTIFIC CORRELATIONS BETWEEN DISEASE e WATERs AIR AND URBAN
DEGRADATION, AND NATURAL DISASTERS AS THEY SHOW RELATIONSHIPS TO
OTHER OBSERVED PHENOMENA SUCH AS INDICATOR SPECIES, CROWN SIGNATURES
OF TREES, EVIDENCE OF OTHER RELIABLE SYMBIOTIC RELATIONSHIPS, AND
OTHER DIRECT AND INDIRECT INDICESo A FEW EARLY EXAMPLES OF THIS
ENCOURAGEMENT ARE THE RECOGNITION OF POORLY DEFINED RELATIONSHIPS
SUCH AS THAT OUTBREAK OF SCREWWORMS (COCHLIOMYIA HOMINIVOREX) ON THE
UNITED STATES-MEXICAN BORDER ABE ASSOCIATED WITH THE ADVENT OF LUSH
VEGETATION ADVANCES; AND IN CASES WHERE CERTAIN INSECT VECTORS ARE
KNOWN TO BE ASSOCIATED WITH SPECIFIC SPECIES OF PLANTS IN A SYMBIOTIC
RELATIONSHIP, THE HABITAT OF THAT VECTOR MIGHT BE DEFINED BY
DETERMINING THE LOCATION AND AREAS COVERED BY THE PLANT USING REMOTE
SENSING TECHNIQUESe EXAMPLES OF THIS INCLUDE THE YELLOW FEVER
MOSQUITO (AEDES SIMPSONI) RELATIONSHIPS WITH THE FALSE BANANA PLANT,
AND ALSO WITH rHE COCOA YAM (COLOCASIA) IN AFRICA; THE ST. LOUIS
ENCEPHALITIS CARRIER MOSQUITO (CULEX QUINQUEFASCIATUS) SYMBIOSIS WITH
CERTAIN CLASSES OF WATER AND PLANTS OF THE TEXAS GULF COAST REGIONe
THIS EFFORT WILL REQUIRE A THOROUGH KNOWLEDGE OF DATA IN THE EARTH
RESOURCES RESEARCH DATA FACILITY AT THE MANNED SPACECRAFT CENTER,
ONGOING PROGRAMS, MULTISPECTRAL SENSING DEVICES, AND THEIR AIR AND
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SPACE PLATFORMS IN AN EFFORT TO DEFINE SIGNIFICANT SCIENTIFIC
CORRELATIONS BETWEEN DISEASE, WATER, AIR, AND URBAN DEGRADATION~
NATURAL DISASTERS, AND OTHER OBSERVED SIGNATURE PHENOMENA.
RTOP NOo 160-75-76 TITLE: LASER RADAR MEASUREMENTS OF THE MARINE
AT~OSPHERE
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, Co Ho TEL. 703-$27-2893
TECHNICAL SUMMARY
THIS RESEARCH DEALS WITH EXPERIMENTAL AND THEORETICAL
INVESTIGATIONS OF LASER RADAR AS A MEANS OF REMOTELY SENSING THE
MARINE ATMOSPHERE. IT INVOLVES THE DEVELOPMENT OF EXPERIMENTAL
APPARATUS, PERFORMANCE OF EXPERIMENTAL MEASUREMENTS IN THE MARINE
ATMOSPHERE, AND DEVELOPMENT OF THEORETICAL MODELS AND ANALYSES.
EMPHASIS WILL BE PLACED ON THE FOLLOWING MEASUREMENTS: MONOCHROMATIC
TRANSMISSIVITY OF MARINE ATMOSPHERE, SPATIAL DISTRIBUTION OF SEAL
SALTS, AEROSOLS AND MOLECULAR DENSITIES; CONSTITUENT DENSITY
DISTRIBUTI~NS, ESPECIALLY WATER VAPOR AND CLOUD FORMATION AND
DISTRIBUTIONS )VER THE OCEAN. THIS RESEARCH IS EXPECTED TO PROVIDE
NEW MEASUREMENT TECHNIQUES FOR STUDYING THE MARINE ATMOSPHERE AND
WILL THEREBY C~NTRIBUTE TO THE BASIC UNDERSTANDING OF THE AIR-SEA
INTERACTION AND OF THE MARINE ENVIRONMENT IN GENERAL. IN ADDITION,
IT SHOULD PROVIDE INFORMATION ON ATMOSPHERIC TRANSMISSIVITY WHICH IS
NEEDED TO FURTHER RESEARCH ON REMOTE SENSING OF SEA-SURFACE
TEMPERATURE BY SATELLITES.
RTOP NO. 160~75-77 TITLE: DEVELOPMENT OF CHESAPEAKE BAY ECOLOGICAL
TEST SITE FOR REMOTE SENSING APPLICATIONS
ORGANIZATION: WALLOPS STATION
MONITOR: BETTLE, J. FQ TEL. 703-824-3411
TECHNICAL SUMMARY
A BROAD, L~NG-RANGE PROGRAM HAS BEEN INITIATED TO ESTABLISH AND
DEVELOP THE CHESAPEAKE BAY AS AN AREA IN WHICH MANY ~OTENTIAL
APPLICATIONS OF REMOTE SENSING FROM AIRCRAFT AND SPACECRAFT CAN BE
EVALUATED AND CALIBRATED, IN PARTICULAR THOSE INVOLVING LANDSEA
INTERFACES. EFFORTS AND PLANS ARE BEING DIRECTED AT MAKING THE BAY
AREA A MULTIDISCIPLINARY TEST SITE ABpUT WHICH A SUBSTANTIAL
INFORMATION CENTER CAN BE DEVELOPED. THIS INFORMATION WILL BE
ACQUIRED FROM SUBSURFACE, SURFACE, AIRCRAFT, AND EARTH RESOURCES
SATELLITE OBSERVATIONS. INFORMATION RESULTING FROM WORK WITHIN, AND
THE EXCHANGE AND INTERACTION BETWEEN, THESE PROGRAM OBJECTIVES WILL
STRONGLY AID IN THE DEVELOPMENT OF TECHNIQUES FOR UNDERSTANDING AND
MANAGING ENVIR~NMENTAL AND NATURAL RESOURCE PROBLEMS IN THE
CHESAPEAKE BAY REGIONQ THE DEVELOPMENT OF THE SITE WILL PROVIDE A
TEST-BED FOR EARTH RESOURCE EXPERIMENTS AND A CALIBRATION AND GROUND
TRUTH AREA FOR EARTH SURVEY SPACE SYSTEMS. THE DEVELOPED TECHNOLOGY
CAN BE EXTENDED TO OTHER GEOGRAPHICAL AREAS ON AN OPERATIONAL BASIS.
IN ORDER TO CONFORM WITH CURRENT FUNDING GUIDELINES, THE PROGRAM CAN
PROVIDE FOR ONLY RESTRICTED DEVELOPMENT ACTIVITY IN LIMITED PORTIONS
OF THE CHESAPEAKE BAY REGION. FURTHERMORE, THE SCHEDULE FOR
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DEVELOPMENT OF A FULL RANGE OF REGIONAL TEST SITE ACTIVITIES MUST BE
DEFERRED UNTIL ADEQUATE FUNDS ARE MADE AVAILABLE.
RTOP NO. 160-15~79 TITLE: AMES RESEARCH CENTER AIRBORNE EARTH
RESOURCES PROGRAM
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
AN AIRBORNE EARTH RESOURCES PROGRAM WILL BE INSTITUTED AT AMES
RESEARCH CENTER. THE PROGRAM WILL INCLUDE IN-HOUSE RESEARCH PROGRAMS
PERTINENT TO EARTH RESOURCES; COORDINATION AND COOPERATION WITH THE
USER COMMUNITY AND OTHER PARTICIPATING AGENCIES TO DEFINE THE
PROBLEMS WHICH THE PROGRAM WILL BE DIRECTED TOWARD, AND THE
APPROACHES TO BE TAKEN IN RESCLVING THESE PROBLEMS; AND THE p
DEVELOPMENT OF THE FACILITIES NECESSARY TO CONDUCT THE PROGRAM.
LABORATORY AND AERIAL STUDIES DEALING WITH WATER AND AIR POLLUTION
WILL BE CONDUCTED. FLIGHT MISSIONS ON THE AMES CV 990 WILL BE
CONDUCTED. AMES AND UNIVERSITY OF CALIFORNIA WILL INTERACT AND
ASSESS USER COMMUNITY REQUIREMENTS.
RTOP NO. 160-15-81 TITLE: AMES RESEARCH CENTER LIFE SCIENCES EARTH
RESOURCES PROGRAM
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: KLEINe Ho P. TEL. 415-961-2735
TECHNICAL SUMMARY
RESEARCH PROGRAMS TO DEFINE SPECIFIC ASPECTS OF TERRESTRIAL
BIOLOGY ARE PRESENTED. TASKS THAT CAN ENHANCE OR DELINEATE POSSIBLE
PROBLEM AREAS IN THE ERTS PROGRAM AT THE UNIVe OF CALIF. ARE
INCLUDED. SPECIAL EMPHASIS IS BEING PLACED ON IDENTIFYING THE
APPROPRIATE ASPECTS OF SPACE TECHNOLOGY THAT WOULD LEAD TO MORE
RELIABLE AND ~FFECTIVE METHODS FOR CONDUCTING ECOLOGICAL RESEARCH.
THE ROLE OF AIRCRAFT AND SPACECRAFT AS PLATFORMS FOR REMOTE SENSING
OF LIFE FORMS IS BEING STUDIEDo ACKNOWLEDGED SPECIALISTS AND EXPERTS
ARE PARTICIPATING IN DEFINITION AND FULFILLMENT OF RESEARCH GOALS,
E.G., THE NATIJNAL MARINE FISHERIES SERVICE, SEATTLE (NOAA) AND THE
NAVAL UNDERSEA LAB, MARINE BIOSCIENCE DIVISION, SAN DIEGO. FIELD
INVESTIGATIONS TO VERIFY THE FEASIBILITY OF VARIJUS SENSORS AND DATA
COLLECTING SYSTEMS ARE BEING CONDUCTED. THE RELATIONSHIP BETWEEN
WILDLIFE BEHAVIOR AND THE MANY ELEMENTS OF THE EARTH'S BIOSPHERE ARE
TO BE DETERMINED FOR USE IN FOOD RESOURCE MANAGEMENT. POOLING OF DATA
FOR CORRELATION INCLUDES INTERAGENCY AGREEMENTS WITH CALIFORNIAN AND
ALASKAN FISH AN D GAME COMMISSIONS, NMFS§ NUL, WASHINGTON DEPARTloJENT
OF FISHERIES, INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION AND
BRITISH COLUMBIA. DEPARTMENT OF FISHERIES. THE RELATIONSHIP OF THE
ORGANIC, HEAVY METAL VAPOR, AND MICROORGANISM CONTENT OF THE
ATMOSPHERE TO fHE BIOLOGY ON THE SURFACE OF THE EARTH WILL BE
DEFINED. A FEASIBILITY STUDY WILL TEST THE CAPABILITY OF THE NIMBUS
IRLS CAPABILITY TO RETURN TELEMETERED PHYSIOLOGICAL FUNCTION DATA,
E.Go, EKG, VENOUS PRESSURE, ABTERIAL PRESSURE, VENTRICULAR AND
AURICULAR PRESSURE, BLOOD FLOW, AND DEEP BODY TEMPERA.TURE, TOGETHER
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WITH FURTHER----
RTOP NO. 160-75-82 TITLE: APPLICATIONS OF REMOTE SENSING DATA TO
COASTAL ZONE PROBLEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
TO INVESTIGATE THE USE OF EXISTING AND PLANNED REMOTE SENSING
DATA TO PROBLEMS PERTINENT TO COASTAL REGIONS, PARTICULARLY THE
COASTAL AND ESTUARY PORTIONS OF MIDEASTERN U.S. DATA SOURCES INCLUDE
THE ERTS A AND B, SKYLAB-EREP, THE SUPPORTING AIRCRAFT UNDERFLIGHTS,
AND ADDITIONAL SUPPLEMENTARY AIRCRAFT- OR HEIICOPTER- BORNE SENSORS.
SUPPORTING SURFACE OBSERVATIONS WILL BE OBTAINED AS REQUIRED BY
CONTRACTUAL AND IN-HOUSE EFFORTS. PROBLEM AREAS OF INITIAL INTEREST
INCLUDE WATER MIXING AND CIRCULATION AND THE ASSOCIATED SEDIMENTATION
LOADS AND THERMAL CHARACTERISTICS, CORRELATIONS OF MIXING ZONE
VARIATIONS WITH PERTINENT PHYSICAL PARAMETERS, MATH MODELING, AND
ALTERNATIVE TE:HNIQUES FOR DATA PROCESSING AND INFORMATION DISPLAY.
RTOP NO. 160-75-90 TITLE: APPLICATION OF VECTOR MAGNETOMETRY TO
EARTH RESOURCES AND GEOLOGICAL STUDIES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: FOSTER. Jo Vo TEL. 415-961-2267
TECHNICAL SUMMARY
THE ARC VE:TOR MAGNETOMETER ALONG WITH TECHNIQUES DEVELOPED AS A
RESULT OF DEEP SPACE g LOW-FIELD MAGNETOMETRY. WILL BE UTILIZED TO
DETERMINE THE CAPABILITIES OF SUCH A SYSTEM FOR REMOTE SENSING AND
IDENTIFICATION OF NATURAL GEOMAGNETIC FEATURES FROM AIRCRAFT AND
SATELLITES. AIRBORNE VECTOR MAGNETOMETER PROFILES WILL BE MADE TO
OBSERVE HIGH FREQUENCY FLUCTUATIONS IN THE POLARITY OF THE EARTH'S
MAGNETIC FIELD AS RECORDED IN OCEANIC CRUST FROM WHICH PALEOMAGNETIC
DATING CAN BE INFERRED~ THE EQUIP~ENT WILL ALSO BE USED TO ACQUIRE
DATA FROM WHICH GAPS IN THE KNOWLEDGE OF THE GEOMAGNETIC FIELD AT
VARIOUS ALTITUDES AND OVER INACCESSIBLE SURFACE AREIS CAN BE FILLED
AND FROM WHICH STUDIES RELATING TO THE EARTH'S CRUST AND MANTLE CAN
BE UNDERTAKEN TO IDENTIFY FEATURES OF GEOLOGICAL AND EARTH RESOURCE
SIGNIFICANCE. THE DATA WILL ALSO BE USED TO ASSIST IN THE FURTHER
IDENTIFICATION OF THE ENERGY SOURCE AND MECHANISM OF INTERACTION IN
THE CORE OF THE EARTH AND. HENCE. TO ACCOUNT FOR THE PATTERNS OF THE
INTERNAL MAGNETIC FIELD AND VARIATIONS IN THE CORE-MANTLE COUPLINGo
CLOSE WORKING RELATIONSHIPS WITH OTHER AGENCIES WILL BE MAINTAINED TO
FACILITATE THE BSTABLISHMENT OF DATA STANDARDS AND EFFECTIVE DATA
UTILIZATION. STUDIES WILL BE PERFORMED TO DEFINE THE MISSION AND
PERFORMANCE DETAILS FOR A LOW-COST w LOW-ALTITUDE VECTOR MAGNETIC
FIELDS SATELLITE.
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RTOP NOa 160-79-51 TITLE: SHORT AND LONG TERM DYNAMICS
ORGANIZATION: GODDARD SP~CE FLIGHT CENTER ~.
MONITOR: SMITH, D. E. TEL. 301-982-4555
TECHNICAL SUMMARY
THE PROGRAM PLANS TO INVESTIGATE THE ESTABLISHMENT OF A
REFERENCE COORDINATE SYSTEM BY VERY LONG BASELINE INTERFEROMETRY.
THIS REFERENCE SYSTEM IS REQUIRED IN THE STUDY OF BOTH THE SHORT AND
LONG TERM DYNAMICS OF THE EARTH ~HICH IT IS INTENDED TO INVESTIGATE.
THE HARDWARE REQUIREMENTS FOR PRECISION SATELLITE TRACKING WILL BE
DETERMINED AND THE DEVELOPMENT OF PRECISE TRAJECTORY DETERMINATION
SYSTEMS WILL CJNTINUE. HARMONIC COEFFICIENTS OF THE EARTH'S
GRAVITATIONAL FIELD ARE BEING DETERMINED FROM SATELLITE ORBIT DATA
AND GROUND BASED GRAVITY MEASUREMENTS ARE BEING INCLUDED. THE
ANALYSIS OF THE TIDAL PARAMETERS FOR THE SOLID EARTH AND THE
MEASUREMENT OF THE MOTION OF THE POLE OF ROTATION ARE CONTINUING.
EXPERIMENTS FOR THE MEASUREMENT OF THE ROTATION RATE OF THE EARTH AND
CONTINENTAL DRIFTS ARE PLANNED TOGETHER WITH INVESTIGATIONS OF THE
RELATIONSHIPS BETWEEN POLAR MOTION AND OTHER GEOPHYSICAL PHENOMENA.
RTOP NO. 160-79-55 TITLE: OCEAN DYNAMICS
ORGANIZATION: WALLOPS STATION .
MONITOR: STANLEY, H. R. TEL. 703-824-3411
TECHNICAL SUMMARY .
THIS PLAN DETAILS THE REQUIRED RESEARCH q STUDIES AND TECHNOLOGY
DEVELOPMENT NECESSARY TO ADVANCE THE UNDERSTANDING OF THE DYNAMICS OF
THE WORLD~S OCEANS THROUGH THE USE OF AN ORBITING ALTIMETER CAPABLE
OF DETERMINING THE TQPOGRAPHICAL RELIEF OF THE PHYS!CAL SEA SURFACE
WITH 10 CENTIMETER ACCURACY. THE PLAN DEFINES METHODS FQR: 1) THE
DEVELOPMENT OF INSTRUMENTATION SUFFICIENT TO MEET THE REQUIRED
ACCURACY; 2) THE DEVELOPMENT OF A CALIBRATION AND VERIFICATION PLAN,
INCLUDING APPRJPRIATE GROUND TRUTH~ TO DEMONSTRATE ACHIEVEMENT OF THE
REQUIRED ACCURACY; 3) RESEARCH INTO THt EFFECTS OF SEA STATE, WAVE
HEIGHT, AND ELECTROMAGNETIC WAVE SCATTERING FROM A NON-LINEAR SEA
SURFACE ON THE ALTIMETER SYSTEM ACCURACY; AND 4} THE TESTING OF THE
HYPOTHESIS THAT THE REFLECTED ALTIMETER PULSE DOES CONTAIN SEA STATE
SIGNATURE. AND THAT UNDERSTANDING OF THISSIGNATURE IS A PREREQUISITE
TO ACHIEVING THE REQUIRED SYSTEM ACCURACY. THE EXPERIMENTS AND
ANALYSES PROPOSED RELY HEAVILY ON INFORMATION DEVELOPED FROM ON-GOING
ASSOCIATED PROJECTS AT WALLOPS ~TATION. FOR EXAMPLE, CURRENT
INSTRUMENTATION DEVELOPMENT FOR THE GEOS-C AND SKYLAB PROJECTS
INDICATE THAT THE 10 CENTIMETER INSTRUMENTATION ACCURACY IS FEASIBLE
AND THAT AN ORBITING ALTIMETEB OF THIS ACCURACY COULD BE FLOWN IN THE
1976-1977 TIME PERIOD. THIS PLAN PROVIDES FOR EXPERIMENTATION AND
ANALYSIS IN EACH OF THE FOUR AREAS DESCRIBED ABOVE AND DEMONSTRATES
THAT THERE IS ~ STRONG PROBABILITY THAT THE SYSTEM WILL PROVIDE
SIGNIFICANT INFORMATION CONCERNING THE PATTERNS AND TRANSPORTS OF
PRIMARY OCEAN CURRENTS, GLOBAL SEA STATE, AND THE GRAVITY FIELD AND
GEOIDAL FIGURE OF THE EARTH.
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RTOP NOG 160~79-51 TITLE: COHERENT RADAR ALTIMETRY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, DG PG TEL. 213-354-3028
TECHNICAL SUMMARY
THIS TASK ~ILL PROVIDE A MEANS WHEREBY THE RANGE TO AN OCEAN
SURFACE PROM AN ELEVATED PLATFORM (TOWER, AIRCRAFT OR SPACECRAFT) CAN
BE MEASURED TO AN ACCURACY OF A FEW CENTIMETERS. THE MEASUREMENT IS
MADE BY USING fHE AMPLITUDE AND PHASE INFORMATION IN THE ECHO
GENERATED BY A COHERENT RADAR AND RECORDED BY AN OPTICAL RECORDER.
THE COHERENT RADAR SYSTEMS HAVE AN EXTREMELY HIGH DEGREE OF STABILITY
THAT ENABLES ACCURATE RECORDING OF THE ECHO PHASE INFORMATIONG THESE
MEASUREMENTS CAN BE USED TO ESTABLISH THE OCEAN LEVEL ACROSS
TRENCHES, AND fHE EFFECTS OF TIDES AND CURRENTS UPON OCEAN LEVELS ON
A LOCAL OR A WORLD WIDE BASIS.
RTOP NO. 160-79-61 TITLE: LASER INSTRUMENTATION FOR EARTH PHYSICS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: JOHNSON, T. S.TEL. 301-982-4287
TECHNICAL SUMMARY
OBJECTIVE IS DEVELOPMENT, TEST, DEPLOYMENT, AND EVALUATION OF
ADVANCED LASER INSTRUMENTS AND SYSTEMS FOR EARTH PHYSICS AND GEODESY
PROGRAMS. IN PARTICULAR, IN RESPONSE TO SPECIFIC REQUIREMENTS OF THE
EARTH PHYSICS AND GEODESY PROGRAMS, (A) THIS RTOP WILL IMPROVE THE
ACCURACY AND PRECISION OF LASER SATELLITE TRACKING OVER THAT
PRESENTLY ACHIEVED, INCREASE THE DATA RATE, EXTEND THE TRACKING
RANGE, AND SIMPLIFY THE GROUND STATION FOR ECONOMY AND RELIABILITY;
(B) IT WILL APPLY LASER RANGING TECHNIQUES TO DEVELOPMENT OF
SPACEBORNE LASER ALTIMETERS CAPABLE OF 5 CM PRECISION ABOVE THE OCEAN
AND STUDY OF THE SEA SURFACE STATE. LASERS BASED UPON NEODYMIUM
DOPING IN YAG (YTTRIUM-ALUMIUM GARNET) AND YALO (YTTRIUM-ALUMINATE)
OR IN GLASS WILL BE INCORPOR~TED INTO SATELLITE TRACKING SYSTEMS AND
WILL BE TESTED IN FY72. THIS CAN POTENTIALLY INCREASE PRECISION AND
DATA RATE OVER RUBY LASERS BY AN ORDER OF MAGNITUDE. TRACKING OF
LUNAR REFLECTORS USING SMALLER TRANSMITTING TELESCOPES WILL BE
DEVELOPED. APPLICATION OF SPACEBORNE ND:YAG LASER TO ALTIMETRY AND
SEA-STATE OBSERVATIONS WILL BE STUDIED. •
RTOP NO. 160-79- 64 TITLE: VERY LONG BASELINE INTERFEROMETRY (VLBI)
ORGANIZATION: GODDARD SPACE FLIGHT CENTER,
MONITOR: RAMASASTRY, J G TELG 301-982-5462
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO DEVELOP AND UTILIZE THE
TECHNIQUES OF VERY LONG BASELINE INTERFEROMETRY (VLBI) FOR PRECISE
GEODETIC AND ASTROMETRIC MEASUREMENTS, UNIVERSAL
TIME-SYNCHRONIZATION, PRECISION SATELLITE TRACKING AND EARTH PHYSICS
INVESTIGATIONS WITH AN OPERATIONAL NETWORK. THIS NETWORK SHOULD
CONSIST OF A NUMBER OF INDEPENDENT STATIONS EQUIPPED WITH RECEIVING
ANTENNAS CAPABLE OF OBSERVING BOTH NATURAL RADIO SOURCES (QUASARS,
PULSARS, RADIO GALAXIES) AND SATELLITE BORNE RADIO SOURCES IN THE
FREQUENCY RANGE 1-10 GHZ, PLUS A CENTRAL PROCESSING FACILITY WHERE
204
THE DATA TAKEN AT THE STATIONS IS CROSS CORRELATED. MAIN EFFORT WILL
BE CONCENTRATED ON UTILIZING NASA TRACKING NETWORKS (MSFN, STADAN,
ATSR), WITH SIMPLE MODIFICATICNS WHERE AND WHEN NECESSARY FOR
CONDUCTING VLBI OBSERVATIONS ON A ROUTINE BASIS. RADIO ASTRONOMY
SITES (OWENS VALLEY, CALIFORNIA; HAYSTACK, MASSACHUSETTS; GREENBANK,
WEST VIRGINIA; AGASSIZ, MASSACHUSETTS; GOLDSTONE, CALIFORNIA AND MANY
OTHERS) WILL ALSO BE UTILIZED WHERE AND WHEN NECESSARY. A PRIME
BENEFIT OF VLBI FOR THE EARTH AND OCEAN DYNAMICS PROGRAM IS THE
CAPABILITY FOR UTILIZING A QUASAR-DEFINED INERTIAL REFERENCE-FRAME IN
GEOPHYSICAL INVESTIGATIONS. THIS RTOP ALSO SEEKS IMPROVEMENTS IN THE
HARDWARE TO ENHANCE THE PRECISION OF THE VLBI TECHNIQUE, AND
REFINEMENTS IN ASSOCIATED SOFTWARE TO PROCESS LARGE VOLUMES OF DATA.
AN INTENSIVE, CONTINUING, OBSERVATIONAL PROGRAM HAS BEEN UNDERTAKEN
RTOP NO. 160-79-64 TITLE: VERY LONG BASELINE INTERFEROMETRY (VLBI)
EARTH PHYSICS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213~354-3028
TECHNICAL SUMMARY
TO DEMONSTRATE THE FEASIBILITY DF USING THE DEEP SPACE NETWORK
(DSN) FOR MAKING VERY LONG BASELINE INTERFEROMETRY (VLBI)
OBSERVATIONS OF GEOPHYSICALLY SIGNIFICANT PHENOMENA AND ESTABLISHMENT
OF A HIGH ACCURACY CELESTIAL RADIO SOURCE COORDINATE FRAME WHICH IS
REFERABLE TO THE SOLAR SYSTEM. A. USING DSN TRACKING STATIONS~
DEMONSTRATE THE FEASIBILITY OF USING THE VLBI TECHNIQUE FOR MEASURING
VARIATIONS IN UNIVERSAL TIME (UT) AND POLAB. MOTION (PM) WITH THE
ACCURACY OF THE OPTICAL STATE-OF-THE-ART (OUT = 3 M~LLISECONDS, OPM =
1 METER). B. INTERCOMPARE VLEI GEOPHYSICAL RESULTS WITH: 1.
CURRENTLY AVAILABLE OPTICALLY DETERMINED UT AND PM. 2. DSN STATION
LOCATIONS, UT AND PM AS DERIVED FROM DOPPLER AND RANGE TRACKING OF
THE MM'71 MARS ORBITING SPACECRAFT. 3. CONVENTIONAL ANDSATELLITE
GEODESY. C. ESTABLISHMENT OF A RIGHT ASCENSION ORIGIN FOR THE
CELESTIAL RADIJ REFERENCE FRAME (TO WITHIN 0.005 11 WITH RESPECT TO
MARS) BY VLBI PHASE-COHERENT COMPARISONS OF THE MM'71 RADIO
TRANSMISSION WITH EXTRA-GALACTIC RADIO SOURCES. D. ASSESS THE
RELATIVE MERITS OF VLBI SPACECRAFT TRACKING AND CONVENTIONAL TWO-WAY
AND TWO-WAY MI~US THREE-WAY DOPPLER TRACKING OF SPACECRAFT.
RTOP NO. 160-79-68 TITLE: GEODETIC & EARTH PHYSICS EXPERIMENT
SYSTEMS
ORGANIZATION: GDDDARD SPACE FLIGHT CENTER
MONITOR: SIRY, J. W. TEL. 301-982-4905
TECH~ICAL SUMMARY
INVESTIGATIONS WILL BE MADE OF THE VALUE OF LOW-ALTITUDE
OBSERVATORY SYSTEMS, INCLUDING EARTH HARMONIC SPACECRAFT, AND
;i~ELLITES AT OTHER ALTITUDES, SUCH A~ GEODYNAMIC, GEOPAUSE AND EARTH
wHYSICS OBSERVATORY SPACECRAFT, IN CONNECTION WITH MEETING A VARIETY
=~ APPLICATIONS AND SCIENTIFIC OBJECTIVES. AMONG THE SCIENTIFIC
MI~CIPLINES INVOLVED ARE GEODESY, OCEAN PHYSICS, GEOMAGNETISM,
~L~iuNOPHYSICS, SEISMOLOGY, ATMOSPHERIC PHYSICS, AND IONOSPHERIC
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PHYSICS~ THE ASSOCIATED TECHNOLOGICAL PROGRAMS INCLUDE THE
DEVELOPMENT AND USE OF SATELLITE-TO-SATELLITE TRACKING SYSTEMS,
SATELLITE ALTI~ETER SYSTEMS, DRAG-FREE SATELLITE SYSTEMS AND LASER
AND VLBI SYSTEMS. IN THE FIELD OF GEODESY g FOR EXAMPLE, THE
GRAVITATIONAL FIELD OF THE EARTH WILL BE STUDIED IN TWO WAYS, BY
SATELLITE-TO-SATELLITE TRACKING OF LOW-ALTITUDE EARTH HARMONIC
GRAVMAG SPACECRAFT ORBITING IN THE 250 TO 300 KILOMETER ALTITUDE
RANGE, AND BY MEANS OF SATELLITE-BORNE ALTIMETERS OPERATING IN THESE
SPACECRAFT AND IN EARTH PHYSICS OBSERVATORIES AT ABOUT 700 KM
ALTITUDE. THESE SAME ALTIMETERS WILL ALSO BE USED FOR OCEAN PHYSICS
INVESTIGATIONS INCLUDING SEA STATE STUDIES AND SURVEYS OF THE OCEAN
SURFACE TOPOGRAPHY. ULTIMATELY, THE GEODESY AND OCEAN PHYSICS
PROGRAMS TOGETHER MAY YIELD INFORMATION ABOUT THE RELATIONSHIP
BETWEEN THE GEJID AND THE OCEAN SURFACE~ SUCH KNOWLEDGE WILL BE
VALUABLE IN CONNECTION WITH STUDIES OF THE GENERAL CIRCULATION OF THE
OCEANS, CURRENTS, TSUNAMIS, STORM SURGES, ETC.
RTOP NO~ 160-79-69 TITLE: GEODESY AND GEODETIC SYSTEMS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BERBERT, J. H. TEL~ 301-982-5055
TECHNICAL SUMMARY
PROGRAM CONDUCTS STUDIES AND DEVELOPS TECHNOLOGY FOR UTILIZING
AVAILABLE SPACECRAFT TRACKING AND SURF'CE GRAVITY DATA FOR GEODESY
AND FOR AN INlrIAL EARTH PHYSICS REFER~NCE SYSTEM. EXPECTED RESULTS
INCLUDE THE DEVELOPMENT OF A STANDARD GEOMETRIC AND GRAVIMETRIC EARTH
REFERENCE SYSTEM BY 1913. THIS REFERENCE SYSTEM IS REQUIRED AS A
BASIS FOR REFERENCING THE DYNAMIC EARTH MEASUREMENTS OF THE NEW EARTH
PHYSICS PROGRA~. THIS WILL ALSO PROVIDE A DETERMINATION OF ~HE MOST
SUITABLE GRAVITY MODELS FOR GCDDARD TRAJECTORIES NEAR THE EARTH, AND
A MORE ACCURATE DETERMINATION OF THE COORDINATES OF THE NASA TRACKING
STATIONS ON A UNIFIED WORLD DATUM. THESE RESULTS SHOULD IMPROVE
NASA'S ORBIT PREDICTION AND MISSION ANALYSIS CAPABILITIES LEADING TO
AN EVENTUAL REDUCTION IN TRACKING DATA COLLECTION AND ANALYSIS
REQUIREMENTS. NEW GRAVITY FIELDS AND STATION COORDINATES ARE DEVELOPED
FROM AVAILABLE DATA (NGSP, ISAGEX, SURFACE GRAVITY) AND EVALUATED BY
COMPARISONS WIrH PREVIOUS SOLUTIONS AND WITH INDEPENDENT DATA.
RTOP NO. 164-06-50 TITLE: COMMUNICATIONS SYSTEMS ANALYSIS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE CONTINUING DEVELOPMENT OF COMMUNICATION SATELLITES,
INFORMATION NErWORKS, AND SYSTEM MONITORS IS PLACING A PREMIUM ON
COMMUNICATIONS FREQUENCIES AND CHANNEL BANDWIDTH. AS A RESULT, THERE
IS AN OVERWHELMING NEED TO INVESTIGATE ALL POSSIBLE METHODS OF
BANDWIDTH CONSERVATION, AND RECOMMEND THE aSE OF THOSE BANDWIDTH
SAVING TECHNIQUES WHICH DO NOT IN OTHER WAYS DEGRADE OR
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OVERCOMPLICATE THE DESIGN OF THE SYSTEM~ SECONDLY g A GOOD
UNDERSTANDING JF THE CHANNELS KNOWN p AND UNKNOWN. AND TIME-VARYING
PARAMETERS IS ESSENTIAL IF THE PERFORMANCE OF THE PROPOSED DESIGNS IS
TO BE OPTIMIZED. MULTIPATH AND· MANMADE INTERFERENCE MUST BE
ACCOMMODATED FJR IN THE SYSTEMS. ANALYSIS AND EXPERIMENTAL
DEMONSTRATION JF A SUPPRESSED-CARRIER. COHERENT SINGLE~SIDEBAND
DIGITAL DATA TRANSMISSION SYSTEM EMPLOYING TWO INDEPENUENT DATA
CHANNELS IS AN IMMEDIATE GOAL OF THIS EFFORT. EACH DATA CHANNELl'
WHICH MAY BE Ar DIFFERENT DATA RATES e FORMS RESPECTIVELY THE UPPER
IND LOWER SIDEBANDS OF THE SUPPRESSED CARRIER. A DATA-AIDED TYPE
CARRIER REGENERATING LOOP IS USED TO DERIVE CARRIER COHERENCE.
TRANSMITTER EFFICIENCY~ LINEARITY AND INTER-CHANNEL INTERFERENCE ARE
IMPORTANT MEASURES OF SYSTEM PERFORMANCE. AS IS' THE OVERALL
EFFICIENCY MEASURED BY THE REQUIRED ENERGY-TO-NOISE SPECTRAL-DENSITY
RATIO. THE WORTH OF MULTI-LEVEL SIGNAL SETS IS ALSO BEING GIVEN
CONSIDERATION ~S A POTENTIAL BANDWIDTH SAVING TECHNIQUE. ADDITIONAL
STUDIES WILL INCLUDE IDENTIFYING THE TIME-VARYING PARAMETERS OF LINKS
IN TANDEM, AND SEEKING A BETTER ANALYTICAL UNDERSTANDING OF THE
LINEAR AND NON-LINEAR DEVICES THAT MAKE UP A SATELLITE RELAY SYSTEM.
THE EXPERIMENT~L EVALUATION WORK WILL BEACCOMPLISHED VIA FUNCTIONAL
SIMULATION~ ....--
RTOP NO. 164~06~53 TITLE: ADVANCED DOMESTIC COMMUNICATION SATELLITE
SYSTEM S
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: LYNCH~ T. J. TEL. 301-982-2265
TECHNICAL SUMMARY .
TO ASSESS THE TECHNICAL AND ECONOMIC FEASIBILITY OF USING
COMMUNICATIONS SATELLITES TO FULFILL THE INFORMATION TRANSFER
REQUIREMENTS OF PROFESSIONAL, INDUSTRIAL. ~OVERNMENTAL USER
COMMUNITIES. TO DEVELOP SYSTEM AND SATELLITE CONFIGURATION OPTIONS
WHICH FUTURE TECHNOLOGY REQUIREMENTS CAN BE trETERMINED. THE RTOP
TASKS. WILL FORM THREE GENERAL CATEGORIES: A) DOMESTIC INFORMATION
NETWORKS. INCLUDED IN THIS CATEGORY WILL BE BIOMEDICAL COMMUNICATION
NETWORKS STUDIES AND LAW ENFORCEMENT NETWORK STUDIES AS WELL AS
STATISTICAL COST MODELING FOR COMMUNICATIONS SATELLITE SYSTEMS. B)
COMMUNICATIONS SYSTEMS FOR RURAL/REMOTE REGIONS. IN THIS CATEGORY
WILL BE INCLUDED STUDIES FOR EXPERIMENTAL SATE1LITE SYSTEMS FOR THE
STATE OF ALASKA, AS WELL AS FOR OTHER RURAL REGIONS SUCH AS THE ROCKY
MOUNTAIN REGION. THE NORTHWEST AND SOUTHWEST STATES g APPALACHIA~ THE
PACIFIC BASIN AND TRUST TERRITORIES. C) SUBSYSTEM TECHNIQUES
ANALYSES. WITHIN THIS CA~EGORY WILL BE INCLUDED STUDIES ON REPEATER
TECHNOLOGY~ MULTI-FUNCTIONAL COMMUNICATIONS SATELLITES w BANDWIDTH
COMPRESSION TECHNIQUES 6 AND ERROR CONTROL CODING TECHNIQUES.
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RTOP NO. 164-06-56 TITLE: INFORMATION TRANSFER VIA COMMUNICATION
SATELLITES
AND
USE
LINKS
TEL. 415-961-2267
ORGANIZATION:
MONITOR: FOSTER, J. V.
TECHNICAL SUMMARY
DETERMINE THE REQUIREMENTS FOR EFFECTIVE TELECONFERENCING AND
INTERACTIVE COMPUTER DATA TRANSFER VIA COMMUNICATION SATELLITES.
FULLY EXPLOIT THE TECHNICAL POTENTIAL OF SATELLITE LINKS FOR THIS
APPLICATION, WH ICH CA NNOT BE PROVIDED BY EXISTING LA ND-LINE
FACILITIES. MAXIMIZE THE COMMUNICATION LINK EFFICIENCY FROM POWER
BANDWIDTH ASPECTS BY APPLICATION OF SOURCE AND CHANNEL CODING
TECHNIQUES. ANALYZE THE TRADE-OFF BETWEEN SYSTEM PARAMETERS TO
DEVELOP A COST-EFFECTIVE GROUND TERMINAL. DEVELOP AN ALL-DIGITAL
TELECONFERENCING SYSTEM FOR VOICE, VIDEO, HARD-COPY, AND COMPUTER
DATA TRANSFER TO SET A STANDARD OF PERFORMANCE~ DETERMINE BY
COMPARISON TESTING WITH AND WITHOUT SATELLITE LINK, THE DEGREE TO
WHICH EACH ELEMENT OF THE TOTAL SYSTEM CONTRIBUTES TO THE OVERALL
FIDELITY. DESIGN AND DEVELOP AN ADVANCED GROUND TERMINAL FOR
CONDUCTING EXPERIMENTS WITH EXISTING AND PLANNED COMMUNICATION
SATELLITES. EXTEND THE GROUND TERMINAL CAPABILITIES TO EXPLORE
CHARACTERIZE THE HIGH FREQUENCY CHANNELS TO THE 100 GHZ REGION.
THE ABOVE DATA BASE TO DETERMINE THE EFFECTIVENESS OF SATELLITE
FOR OTHER USER REQUIREMENTS.
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RTOP NO. 164-18-51 TITLE: SATELLITE APPLICATIONS FOR AERONAUTICAL
SYSTEMS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: MALINOWSKI, A. B. TEL. 301-982-6462
TECH~ICAL SUMMARY
THE WORK I~ THIS RTOP IS DIRECTED TOWARDS THE DEVELOPMENT AND
APPLICATION OF SATELLITE NAVIGATION, SURVEILLANCE AND COMMUNICATION
SYSTEMS TO (1) IMPROVE OR AUGMENT THE PRESENT DOMESTIC AND OCEANIC
AIR TRAFFIC CONTROL SYSTEMS. THE MAJOR SERVICES WHICH CAN BE
PROVIDED BY THE NAVIGATION, SURVEILLANCE AND COMMUNIC~TION FUNCTIONS
ARE: GROUND DERIVED COLLISION AVOIDANCE FOR AIRCRAFT p ASSISTANCE TO
SEARCH AND REDJCE OPERATIONS, ASSISTANCE TO FLOW CONTROL OF AIRCRAFT
FROM TERMINAL TO TERMINAL. BECAUSE OF THE UNIQUE ABILITY OF
SATELLITES TO KEEP IN VIEW ALL MOBILE TRAFFIC AT ALL TIMES OVER LARGE
GEOGRAPHIC REGIONS (E .G., UNITED STATES), SATELLITE SYSTEMS WHICH
PROVIDE NAVIGATION, SURVEILLANCE AND COMMUNICATION FUNCTIONS BECOME
HIGHLY ATTRACTIVE CANDIDATES FOR AIR TRAFFIC CONTROL SERVICES.
HOWEVER, THERE ARE MANY QUESTIONS THAT NEED TO BE ANSWE~ED IF
SATELLITE SYSTEMS ARE TO BE I~PLEMENTED TO OPERATE IN PLACE OF OR IN
ADDITION TO THE PRESENT OR FUTURE GROUND SYSTEMS. SOMK OF THE MAJOR
QUESTIONS ARE CONCERNED WITH SYSTEM PERFORMANCE (E.G., POSITION
LOCATION ACCURACY), CAPACITY (NUMBER OF USERS), COST FACTORS (USER
AND GOVERNMENT COSTS TO ESTABLISH AND OPERATE) AND SYSTEM
RELIABILITY. THE STUDY EFFORTS OF THIS RTOP WILL ATTEMPT TO DEFINE
ALL SUCH QUESTIONS AND PROVIDE THE ANSW~RS. THE WORK TOWARDS THE
SOLUTION OF THESE PROBLEMS CONSISTS OF MOSTLY STUDY EFFORTS TO (1)
DEFINE THE COMM UN ITY OF USERS AND THEIR NEEDS, (2) DEVELOP SA TELLITE
NA~IGATION SURVEILLANCE, NAVIGATION AND COMMUNICATION TECHNIQUES, (3)
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DEVELOP NEW AND IMPROVED SATELLITE COMPONENTS, AND (4) DEFINE
NAVIGATION g SURVEILLANCE AND COMMUNICATION EXPERIMENT FOR SATELLITES.
RTOP NO. 164-18 -51 TITLE: NA VIGA TION AND TRAFFIC CONTROL
ORGANIZATION: NASA WALLOPS STATION
MONITOR: LACHEMAN' E. R., JR.EL. 703-824-3411
TECHNICAL SUMMARY
THIS NAVIGATION AND TRAFFIC CONTROL PROGRAM WILL PROVIDE A
LABORATORY TYPE ANALYSIS TO SEVERAL NEW NAVIGATIONAL CONCEPTSQ IT IS
PLANNED TO CONDUCT FIELD EXPERIMENTS TO EMPIRICALLY DEMONSTRATE THE
VALUE OF THESE TECHNIQUES. THE STUDIES WILL INCLUDE RANGING SYSTEMS
WITH VARIOUS SPATIAL DISTRIBUTIONS AND UTILIZING PHASE, ENVELOPE AND
CORRELATION DETECTION SCHEMES IN THE TIME INTERVAL MEASUREMENT
SYSTEMS. IT IS NOT THE PRIME PURPOSE OF THIS STUDY TO DEVELOP NEW
HARDWARE BUT TJ RECONFIGURE, STRATEGICALLY LOCATE, AND PROPERLY APPLY
EXISTING HARDWARE TO ENHANCE ITS USE FOR PRACTICAL NAVIGATION
MISSIONS. SPECIAL EMPHASIS WILL BE GIVEN TO THE ROLE OF SATELLITES
IN NAVIGATION AND IN PARTICUtAR USE OF EXISTING :OMMUNICATIONS
SATELLITES.
RTOP NO. 164-18-52 TITLE: DATA COLLECTION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER·
MONITOR: COTE g Co EQ TELa 301-982-4215
TECHNICAL SUMMARY
THE OBJECTIVE -IS TO INVESTIGATE AND DETERMINE FUTURE USER
REQUIREMENTS, IDENTIFY MISSIONS, GENERATE CONCEPTS AND DEVELOP
TECHNOLOGY FOR COLLECTING DATA FROM FIXED AND MOBILE DATA COLLECTION
PLATFORMS USING SATELLITES. A SIGNIFICANT OBJECTIVE WILL BE TO
DEVELOP SYSTEMS WHICH CAN BE IMPLEMENTED ECONOMICALLY g ALLOW FOR
CONTINUED GROWTH IN NUMBER OF USERS g AND MEET INCREASED REQUIREMENTS
IN TERMS OF DATA TRAFFIC DENSITIES c LOCATION ACCURACY, VELOCITY
ESTIMATION, AND REAL-TIME TRACKING. EXPERIMENTAL SYSTEMS WILL BE
DEVELOPED AND PROPOSED AS EXPERIMENTS ON NASA APPLICATION SATELLITES.
KNOWN AND POTENTIAL USERS OF DATA COLLECTION WILL BE SURVEYED TO
DETERMINE REQUIREMENTS. MISSIONS WILL BE ASSIGNED PRIORITIES AND
CONCEPTUAL STUDIES WILL BE INITIATED. A STUDY TO DETERMINE THE
IMPACT OF SATELLITE ON-BOARD PROCESSING IN REDUCING ON-BOARD STORAGE
AND GROUND DATA PROCESSING REQUIREMENTS WILL BE PERFORMED. A
CONTINUING PROGRAM OF COMPONENT TECHNOLOGY WILL BE CARRIED OUT
WHEREIN A MASS~TO-AREA-RATIO OF LESS THAN 2 GRAMS PER SQUARE
CENTIMETER WITH A GOAL IN DESIGN OF ANTENNAS, TRANSMITTERS AND DATA
HANDLING CIRCUITRY FOR PLATFORMS. ALL KNOWN REQUIREMENTS CAN BE MET
USING LOW ALTITUDE AND SYNCHRONOUS ALTITUDE SATELLITES CARRYING
APPROPRIATE TRANSPONDERS. THE LOW ALTITUDE SYSTEMS PROVIDE FOR
POSITION LOCATION AS WELL AS DATACOL~ECTION OVER ALL AREAS OF THE
EARTH. THESE SYSTEMS HAVE AN INHERENT CAPABILITY FOR HIGH ACCURACY
BECAUSE OF LOW GEOMETRIC DILU~ION OF POSITION (GDOP) a THE
SYNCHRONOUS SYSTEMS PROVIDE CONTINUOUS COVERAGE AND IN THE CASE OF
OPLE REQUIRES JNLY A SINGLE SATELLITE FORHEMISPHERE COVERAGE~ EITHER
SYSTEM CAN BE RANDOM OR PROVIDED WITH AN INTERROGATION RECEIVER.
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RTOP NO. 164-21-52 TITLE: COMMUNICATIONS SATELLITE MICROWAVE POWER
RESEARCH TECHNOLOGY
ORGANIZATION: LEWIS RE~EARCH CENTER
MONITOR: ALEXOVICH, R. E~ TEL. 216-433-6689
TECHNICAL SUMMARY
TO ADVANCE THE STATE-OF~THE-ART IN HIGH POWERSATELLITE
COMMUNICATION COMPONENTS AND SUBSYSTEMSABOVE .5 GHZ. PRIMARILY IN
SUPPORT OF APPLICATIONSOF SPACE BROADCASTING, INFORMATION
NETWORKING,NAVIGATION, INTERPLANETARY COMMUNICATION. RADARMAPPING AND
TO MEET FUTURE REQUIREMENTS IN POST1975 TIME PERIOD. SPECIFIC
OBJECTIVE OF THIS RTOPIS TO PROVIDE THE BASIC HIGH POWER RF
SYSTEMSTECHNOLJGY FOR ALL OF THE ABOVE APPLICATIONS, ANDTHE
APPLICATIONS PECULIAR TECHNOLOGY FOR BRAODCASTAND INFORMATION
NETWORKING SATELLITES. TO ACHIEVETHESE OBJECTIVES g RESEARCH AND
TECHNOLOGYDEVELOPMENT PROGRAMS ARB UNDERWAY ON MICROWAVEAMPLIFIERS,
ANTENNAS, RF HARDWARE, AND SIGNAL PROCESSING TECHNIQUES FOR SPACE
APPLICATIONS ANDGROUND RECEPTION. STUDIES AND INVESTIGATIONS
OFSPACE-EARTH PROPAGATION AND INTERFERENCE ARE ALSOUNDERWAY.
APPROACHES TO SPACECRAFT UPLINKCOMMUNICATIONS AND COMMAND ARE
BEINGINVESTIGATION. SPECIFIC TECHNIQUES SUCH ASMULTISTAGE DEPRESSED
BEAM COLLECTION FOR LINEARAND CROSS-FIELD AMPLIFIERS ARE AMONG
PROMISINGTECHNIQUES BEING INVESTIGATED.----
RTOP NO. 164-21-54 TITLE: COtJ!MUNICATION SATELLITE ANTENNA RESEARCH
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THIS EFFORT SYNTHESIZES ANTENNA APERTURE DISTRIBUTIONS AND
DEMONSTRATES ANTENNA SYSTEM DESIGNS FOR NASA'S COMMUNICATION
BROADCAST g AND DATA RELAY SATELLITES, SO AS TO PERMIT EFFICIENT
OPERATION AT NEW AND HIGHER FREQUENCIES; TO REDUCE THE SIDELOBES FROM
A SINGLE ANTENNA; TO CREATE MULTIPLE ANTENNA BEAMS; AND TO SHAPE
BEAMS FOR AREA COVERAGE. OPERATION AT HIGHER FREQUENCIES IS A
NECESSITY IN AN ALREADY CROWDED SPECTRUM; THEREFORE, DURING Fy i 72,
EMPHASIS WILL BE PLACED ON K-BAND OPERATION. REDUCING SIDELQBE
SPILLOVER WILL ALLOW MORE SATELLITES BY REDUCING MUTUAL INTERFERENCE
BETWEEN SATELLITES. MULTIPLE AND STEERABLE BEAMS ARE NECESSARY TO
ALLOW TRANSMISSION TO DIFFERENT GROUND STATIONS FROM THE SAME
SATELLITE WITH]UT USING UP SPECTRUM SPACE AT EARTH LOCATIONS WHICH DO
NOT REQUIRE TRANSMISSION. BEAM SHAPING WILL PERMIT COVERAGE OF
UNIQUE AREAS AND SHARPER CUT-OFF AT INTERNATIONAL BOUNDARIES. A
THEORETICAL IN-HOUSE EFFORT IS PLANNED IN WHICH TWO PARALLEL PROGRAMS
WILL BE PURSUE~. ONE IS A SPEERICAL WAVE EXPANSION PROGRAM WHICH
WILL BE A SOLUTION TO MAXWELL9S EQUATIONS GIVING EXACT RESULTS; THE
OTHER, THE ADDITION OF THE APERTURE DISTRIBUTIONS WHICH INDIVIDUALLY
GENERATE PENCIL BEAMS, THE SUM OF THESE BEAMS BEING THE APPROXIMATE
DESIRED SHAPED PATTERN. THESE TWO AP~ROACHES SHOULD LEAD TO THE
SYNTHESIS OF A~ APERTURE WHICH WILL BE PRACTICAL FOR IMPLEMENTATION.
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RTOP NOo 164-21-54 TITLE: MULTIPLE NARROW BEAM SHAPED PATTERN
ANTENNA TECHNOLOGY DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER l
MONITOR: LYNCH, To Jo TELo 301~982-2265
TECHNICAL SUMMARY
ONE OF THE ESSENTIAL SUBSYSTEMS OF ADVANCED DOMESTIC
COMMUNICATIONS SATELLITE SYSTEMS IS A SATELLITE ANTENNA CAPABLE OF
MULTIPLE v NARRJW~BEAM AND S~APED-BEAM TRANSMISSIONo DEVELOPMENT OF
SUCH AN ANTENNA SYSTEM IS NEEDED SINCE THE STATE-OF-THE-ART IS
RELATIVELY NEW IN THIS AREAe SUCH A SYSTEM MUST HAVE SHAPED BEAM
PATTERNS WITH LOW SIDELOBES IN ORDER TO MINIMIZE SPILL-OVER INTO
AREAS NOT INTE~DED FOR RECEPTION~ MAKE MORE EFFICIENT USE OF RADIATED
ENERGY, DIMINISH THE PROBLEM OF INTERFERENCE WITH TERRESTRIAL SYSTEMS
AND NEARBY COUNTRIES, AND ~AKE MORE EFFICIENT USE OF THE
GEOSTATIONABY JRBIT AND THE SHARED FREQUENCY SPECTRUM. ~FFERENT
APPROACHES WILL BE ANALYZED FOB MEETING THE ABOVE ANTENNA
REQUIREMENTS, INCLUDING DIELECTRIC LENS SYSTEMS, MULTIPORTED ARRAYS
SUCH AS THE BUTLER ARRAY q RETBODIRECTIVE ANTENNAS g WAVEGUIDE LENSES,
ETCe
RTOP NO. 164-21-55 TITLE: TRACKING AND DATA RELAY SATELLITE
TECHNOLOGY DEVELOPMENT
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: CLARK, GEORGE Qe TELo 301-982-6331
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PROVIDE FOR AN ORDERLY DEVELOPMENT OF THE
COMMUNICATION TECHNIQUES REQUIRED FOR IMPLEMENTING A TRACKING AND
DATA RELAY SYSTEM FOR SUPPORT OF NASA MISSIONS IN THE MID-1970'S AND
BEYOND. VARIOUS STUDIES SHALL BE PERFORMED TO IDENTIFY THE PROBLEMS
ASSOCIATED WITH SUCH A SYSTEM. THE IDENTIFIED PROBLEMS WILL THEN BE
ATTACKED IN A UNIFIED MANNERo TRADE-OFF AREAS WILL BE IDENTIFIED AND
BOTH DATA AND CRITERIA WILL BE DEVELOPED TO AID IN CHOICE OF THE
TRADE-OFF. THE STATE OF THE ART WILL BE DETEBMINED AND WHERE
NECESSARY TECH~OLOGY DEVELOPMENT PROBLEMS WILL BE INITIATEDo THE
TDRS INVOLVES THE USE OF HIGHLY STABLE AND COMPLEX SATELLITES AT
SYNCHRONOUS ALTITUDES WITH MUITIPLE~ INDIVIDUALLY POINTABLE, ANTENNA
BEAM. THEREFORE A CONSIDERABLE AMOUNT OF EFFORT WILL BE SPENT ON THE
DEVELOPMENT OF UNIQUE SPACECRAFT TECHNOLOGY.
RTOP NO. 164-21-55 TITLE: PLANETARY TRACKING DATA RELAY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL~ 213-354-6586
TECHNICAL SUMMARY
TRACKING AND DATA RELAY SATELLITES HAVE SIGNIFICANT POTENTIAL
FOR IMPROVING THE COST-EFFECTIVENESS OF PLANETARY TRACKING AND DATA
ACQUISITIONe A TRACKING AND rATA RELAY SATELLITE NETWORK (TDRSN) FOR
EARTH BOUND SATELLITES HAS ALREADY BEEN SHOWN TO BE FEASIBLE AND
ECONOMICAL. SINCE SOME OF THE ECONOMIC FACTORS IN THE EARTH CASE ARE
NOT APPLICABLE, THE FEASIBILITY OF A PLANETARY TRACKING AND DATA
RELAY MUST BE DEMONSTRATED~ THE LONG TERM OBJECTIVE OF THIS RTOP IS
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TO DETERMINE THE FEASIBILITY OF A PLANETARY TRACKING AND DATA RELAY
AND UNDER WHAT CIRCUMSTANCES IT IS MOST ECONOMICALo EMPHASIS WILL BE
PLACED ON COST EFFECTIVE DESIGNS. THE OBJECTIVE WILL BE ACHIEVED BY
DETERMINING THE ANTICIPATED FUNCTIONAL REQUIREMENTS g DATA VOLUMES g
AND MISSION PRDFILES. THESE FACTORS WILL BE USED TO ACCOMPLISH K
SHORT FORM ADVANCED MISSION STUDY AS A PRELIMINARY ESTIMATE FOR THE
NEED OF A FULL ADVANCED MISSION STUDY. THE COMMUNICATTONS SYSTEM
FUNCTIONAL REQUIREMENTS WILL BE USED AS A BASIS FOR SYSTEM
DEMONSTRATIONS OF CERTAIN DIFFICULT HARDWARE PERFORMANCE REQUIREMENTS
IN PREPARATION FOR SUCH A MISSION. JUPITER WILL BE EXAMINED AS WELL
AS MARS BECAUSE RELAY IS ESPECIALLY NECESSARY DUE TO THE DELETERIOUS
EFFECTS OF THE JUPITER ATMOSPHERE ON COMMUNICATION.
RTOP NO. 164-21-57 TITLE: LASER COMMU~ICATION DEVELOPMENT
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: CARRION, W. J. TEL. 301-982-4942
TECHNICAL SUMMARY
OBJECTIVE IS TO DEVELOP EFFICIENT SYSTEMS FOR VERY WIDE-BAND
COMMUNICATION SUITABLE FOR NASAMISSIONS REQUIRING .HIGH DATA RATE
LINKS BETWEEN rwo SPACECRAFT AND BETWEEN SPACECRAFT AND GROUND
STATIONS. PRI~ARY EFFORT WILl BE DEVELOPMENT OF TECHNIQUES AND
COMPONENTS FOR SYSTEMS USING CARBON-DIOXIDE AND NEODYMIUM LASERS.
THE GOALS ARE DIGITAL LINKS WITH CAPACITY OF 1.2 GIGABIT/SEC AND
ANALOG MODULATION LINKS WITH INFORMATION BANDWIDTH OF 120 MHZ. BOTH
C02 AND ND SYSTEMS SHOW PROMISE OF PROVIDING SUCH CAPACITY WITH LOW
PGWER CONSUMPTION, LIGHT WEIGHT, SMALL ANTENNAS, AND NEGLIGIBLE
INTERFERENCE AND SPECTRUM CROWDING. THEY WILL ULTIMATELY BE USED IN
MISSIONS SUCH AS TDRS AND EARTH RESOURCES SATELLITESe GSFC IS THE
ONLY ORGANIZATION DEVELOPING AND TESTING C02 LASER SYSTEMS FOR SPACE
COMMUNICATION. ND SYSTEMS ARE ALSO BEING DEVELOPED BY MSFC AND DOD q
AND RELATED WORK IN THIS RTOP IS BEING CLOSELY COORDINATED TO
OPTIMIZE ALL GOVERNMENT WORK IN REACHING OUR OBJECTIVES. IN FY71,
THE C02 LASER SYSTEM ELEMENT OF THIS RTOP WILL DEVOTE ITSELF TO
SOLVING REMAINING ENGINEERING EROBLEMS PRIOR TO DESIGN OF SIC
HARDWARE. A UNIVERSITY STUDY OF LASER LIFETIME LIMITING MECHANISMS
WILL BE CONTINUED, AND AN ENGINEERING MODEL OF THE ~PTO-MECHANICAL
STRUCTURES AND CONTROL FUNCTIONS WILL BE DEVELOPED AND TESTED. IN
FY72, THE ENGINEERING MODEL WIlL BE COMPLETED BY THE ADDITION OF
LASERS, MIXERS, AND ELECTRONICS SUITABLE FOR AN ATS-G EXPERIMENT, AND
TESTED IN THE LABORATORY AND FIELD. ALSO g A SPACE QUALIFIED 10.6
MICRON RECEIVER CAPABLE OF GIGAHERTZ RESPONSE WILL BE DEVELOPEDo THE
ND LASER ELEMENT WILL BE DIRECTED TO DEVELOPMENT OF1e06 MICRON
PHOTOMULTIPLIERS WITH NANOSECCND----
RTOP NO. 164-21-58 TITLE: EDUCATIONAL COMMUNICATIONS SATELLITE
SYSTEM STUDY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: MILLER, Jo E. TEL. 301-982-5885
TECHNICAL SUMMARY
TO CONDUCT A COMPREHENSIVE STUDY OF THE TECHNOLOGICAL AND COST
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FACTORS OF AN ADVANCED EDUCATIONAL COMMUNICATION SATELLITE SYSTEM
BASED ON THE GOAL OF ESTABLISHING A PILOT EXPERIMENTAL SYSTEM IN THE
1976-77 TIME PERIOD. IN ADDITION DEVELOPING THE REQUIRED TECHNOLOGY
TO MEET TOTAL SYSTEM NEEDSQ TWO PARALLEL STUDY EFFORTS OF
APPROXIMATELY 6 TO 8 MONTHS DURATION WILL BE INITIATED TO PROVIDE THE
TIMELY DEVELOPMENT OF SUFFICIENT INFORMATION AND DATA TO JUSTIFY A
NEW LINE ITEM IN THE FY74 BUDGETo THE STUDIES WILL CONSIDER ALL
ELEMENTS OF GROUND AND SPACE TECHNOLOGY AND INTERFACES WITH EXISTING
AND PLANNED TERRESTRIAL lTV, ETV, ITFS, CATV, REPEATER-TRANSLATORS,
STATE-WIDE AND REGIONAL NETWORKS o PUBLIC BROADCASTING AND WHERE
APPLICABLE PROPOSALS FOR THE DOMESTIC COMMUNICATION SATELLrTE
NETWORK~ USER REQUIREMENTS WILL BE PROVIDED BY COGNIZANT
GOVERNMENTAL ORGANIZATIONS SUCH AS HEW, DEPARTMENT OF THE INTERIOR
AND THE CORPOR~TION FOR PUBLIC BROADCASTING. SYSTEM ANALYSES,
COMPARISONS AND TRADEOFFS WILL BE CONDUCTED TO DETERMINE THE
APPROPRIATE MIX OF SPACE AND GROUND SEGMENTS TO OPTIMIZE FLEXIBILITY
AND MINIMIZE CJST g DETERMINE THE MOST APPROPRIATE PORTIONS OF THE
FREQUENCY SPECTRUM IS ALLOCATED AT WARC-71~ ASSESS THE
STATE-OF-THE-ART, DETERMINE CRITICAL TECHNOLOGY REQUIREMENTS,
RECOMMEND PROMISING AREAS TO PURSUE R&D AND ESTABLISH COSTS AND
SCHEDULES FOR DEVELOPING THE REQUIRED TECHNOLOGY TO MEET SYSTEM
NEEDS~ THE LATTER SHALL FORM THE BASIS FORM THE BASIS FOR FOLLOW-ON
SRT WORKo
RTOP NO. 164-21-13 TITLE: COMMUNICATIONS TECHNICAL ADVISORY PROGRAM
ORGANIZATION: GODDARD SPACE FLIGHT CENTER,
MONITOR: ECKERMAN, J. TEL. 301-982-6786
TECHNICAL SUMMARY
THE WORK TO BE PERFORMED INVOLVES TECHNICAL CONSULTATION AND
SUPPORT ON SPACE COMMUNICATIONS MATTERS. TO PROVIDE TECHNICAL
SUPPORT TOORGANIZATIONS OUTSIDE OF NASA SUCH AS THE EXECUTIVE OFFICE
OF THE PRESIDENT, FEDERAL COMMUNICATIONS COMMISSION (FCC), DEPARTMENT
OF TRANSPORTATION (DOT) u DEPARTMENT OF STATE (DOS), HEALTH, EDUCATION
AND WELFARE (HEW), THE UNITED NATIONS, AND ON A REIMBURSIBLE BASIS,
COMSAT CORP., IN ACCORDANCE WITH THE COMSAT ACT OF 1962~ STUDIES AND
ANALYZESRADIO CONFERENCE (WARC) ON SPACE FREQUENCY ALLOCATIONS
SATELLITE TOSATELLITE COMMUNICATIONS SHARING STUDIES FOR COMSAT,
BROADCAST ANDE~RTH RESOURCES SERVICES ORBIT UTILIZATION.
RTOP NO. 164-16~51 TITLE: SYNCHRONOUS ORBIT SPACECRAFT TECHNOLOGY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HOFFMAN, HENRY Co TEL. 301~982-4496
TECHNICAL SUMMARY
THIS PROJECT WILL DEVELOP LONG LEAD TIME SPACECRAFT SYSTEM
TECHNOLOGY, OF SPECIFIC APPLICABILITY yo SYNCHRONOU& EQUATORIAL
MISSIONS, PLANNED FOR THE LATE 1970'S AND EARLY 1980QS~ THE RESULTS
COULD BE APPLICABLE TO MISSIONS SUCH AS ATS-H AND ATS-I TRACKING AND
DATA RELAY SATELLITE AND TV DISTRIBUTION/DIRECT BROADCAST SATELLITES.
THE EFFORTS WILL BE TOWARD BOTH HIGH ACCURACY POINTING SYSTEMS (0001
DEGREES) AND TOWARDS A DEEPER UNDERSTANDING OF PASSIVE SYSTEMSo
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STUDIES WILL BE CARRIED OUT ON SYNCHRONOUS ALTITUDE SYSTEM DESIGN
CONCEPTS, PRECISION MEASUREMENT SYSTEMS, ADVANCED DYNAMIC ANALYSES OF
SPACECRAFT FLEXIBILITY, ADVANCED THRUSTERS AND TORQUERS FOR PRECISE
EARTH ORIENTED SPACECRAFT, DAMPING MECHANISMS, AND HIGH POWER
DISSIPATIONS. DAMPING MECHANISM STUDIES WILL INCLUDE BOTH ANALYSIS
AND TEST OF DA~PERS Foa USE ON SPINNING AND MULTI-SPIN SATELLITES.
IN ADDITION v CJMPONENTS NOT INTENDED AS DAMPERS, SUCH AS HEAT PIPES
AND FUEL IN THE TANKS WILL ALSO BE ANALYZED AND TESTED. HEAT PIPES
WILL BE INVESTIGATED FOR HIGH POWER DISSIPATION IN LOCALIZED AREAS TO
PROVIDE ADEQUATE RADIATION FRCM THE SPACECRAFT.
RTOP NO. 164-76-52 TITLE: SYNCHRONOUS ORBIT KICK MOTOR TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
A SERIES OF OPTIMIZED GRAPHITE/EPOXY MOTOR DESIGNS WILL BE
ACCOMPLISHED WHICH WILL RESULT IN CHAMBER FABRICATIONS. THESE
CHAMBERS WILL DEMONSTRATE COST EFFECTIVENESS, DESIGN FLEXIBILITY,
RELIABILITY, MASS FRACTION AND CASE MECHANICAL ~HARACTERISTIC
IMPROVEMENTS AVAILABLE FOR SATS APOGEEKICK MOTORS. THE
GRAPHITE/EPOXY COMPOSITE CHAMBER WILL BE DESIGNED BY UTILIZING THE
DATA OBTAINED FROM THE TESTING OF SATS SIZE BORON COMPOSITE KICK
MOTORS.. SEVERAL GRAPHITE/EPOXY CHAMBERS WILL BE FABRICATED AND
DEVELOPMENT TESTED, SIMILAR TO THE BORON/EPOXY CHAMBERS, TO DETERMINE
THEIR APPLICABILITY AS APOGEE KICK MOTORS FOR GEOSTATIONARY MISSIONS
FROM THE 6 SOLID AND 9 SOLID IMPROVED THOR DELTA VEHICLES. THE MOTORS
WILL BE TESTED ALSO TO DETERMINE THEIR PERFORMANCE WITH RESPECT TO
SPECIFIC IMPULSE. THE DEVELOPMENT SCHEDULE WILL RESULT IN A FLIGHT
MOTOR DESIGN CAPABLE FOR FLIGHT USE EARLY IN CY-74.
RTOP NO. 164-76-53 TITLE: APPLICATIONS MISSION THRUSTER STUDIES
ORGANIZATION: JET PROPULSION LABORATORY .
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO UPDATE PREVIOUS THRUSTER
TRADEOFF STUDIES BY THE INCORPORATION OF RECENT ADVANCES I~
AUXILIARY-PROPULSION. STATE-OF-THE-ART, CRITICAL REVIEW OF SUGGESTIONS
FROM PROJECT MANAGERS AND SYSTEM ENGINEERS, AND ADDITION OF FURTHER
COMPARISONS OF CHEMICAL VS. ELECTRIC THRUSTER SYSTEMS FOR FUTURE
SATELLITE MISSIONS. THIS WILl BE ACCOMPLISHED THROUGH A CONTINUING
FAMILIARITY WITH ONGOING AUXILIARY-PROPULSION RESEARCH AND
DEVELOPMENT UNDER OTHER RTOPS ALONG WITH PERIODIC CONTACT WITH
PROJECT MANAGERS. AN UPDATE WILL ENHANCE THE PREVI~US THRUSTER
TRADEOFF STUDIES AND INCREASE ~HE USEFULNESS OF THE
TRADEOFFTECHNIQUES TO PROGRAM PLANNERS AND SYSTEM---- ENGINEERS.
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RTOP NO. 164-76-54 TITLE: REMOTE MANEUVERING UNIT/TELEOPERATORS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER \
MONITOR~ PICKARD, R. H. TEL. 301-982-6682
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS STUDY PROGRAM IS TO INVESTIGATE
FEASIBILITY AND DEFINE THE TECHNOLOGY FOR A REMOTELY CONTROLLED
MANEUVERABLE SPACECRAFT CAPABLE OF RENDEZVOUS AND DOCKING AT
SYNCHRONOUS ALrITUDE. AN APPLICATION OF THIS CAPABILITY IS THE
DESPINNING OF ATS-5. OTHER APPLICATION~ INCLUDE OBSERVATION OF ATS-5
GRAVITY GRADIENT BOOM DEPLOYMENT AND ATS-F DISH ANTENNA DEPLOYMENT.
THE APPROACH WILL EMPHASIZE THE EMPLOYMENT AND INTEGRATION OF
EXISTING TECHN~LOGY AND HARDWARE IN ORDER TO EFFECT AN EXPEDIENT AND
ECONOMICAL SPACECRAFT DESIGN.
RTOP NO. 164-76-55 TITLE: APOGEE MOTOR RELIABILITY
ORGANIZAT!ON: JET PROPULSION LABORATORY
MONITOR: POWELL, R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO IMPROVE THE RELIABILITY OF
SOLID PROPELLANT APOGEE MOTORS THROUGH THE APPLICATION OF IMPROVED
TECHNOLOGY DERIVED FROM PROGRAMS SUCH AS MINUTEMAN AND POLARIS. AN
ANALYSIS OF PAST APOGEE MOTOR PROGRAMS WILL BE PERFORMED TO ID£NtIFY
AND SUMMARIZE PROBLEM AREAS. THESE PROBLEM AREAS WILL THEN BE
COMPARED TO DEMONSTRATED TECHNOLOGY TO DETERMINE IF REASONABLE
SOLUTIONS EXIST. A PROGRAM WILL BE DEVELOPED TO APPLY THE SOLUTIONS
TO APOGEE MOTOR DEVELOPMENT AND FABRICATION ACTIVITIES. SPECIFIC
APPROACHES INCLUDE THE DEVELOPMENT OF A USEFUL HISTORICAL FILE OF
APOGEE MOTOR PROGRAMS, EMPHASIZING PROBLEM AREAS; INVESTIGATION OF
COMMONALITY IN MOTOR DESIGNS; REVIEW OF TESTING TECHNIQUES AND
WORKMANSHIP STANDARDS. RELATED SOLID ROCKET MOTOR RELIABILITY WORK
WILL BE PERFORMED UNDER RTOP SYSTEM EFFECTS ON MOTOR RELIABILITY
(180-32-52-02-55). THIS WORK WILL INCLUDE A DETAILED EXAMINATION OF
THE OPERATIONAL ENVIRONMENT OF THE ROCKET MOTOR FROM FABRICATION TO
FIRING IN THE SPACECRAFT AND THE DEVELOPMENT OF AN IMPROVED
FUNCTIONAL SPECIFICATION FOR MOTORS,
RTOP NO. 180-06-50 TITLE: ANALYSIS OF ADVANCED PROPULSION SYSTEMS
REQUIREMENTS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: COADY, R. E. TEL. 301-982-4731
TECHNICAL SUMMARY
A CONTINUING PROGRAM HAS BEEN UNDER WAY FOR SEVERAL YEARS AIMED
AT EVALUATING AND ANALYZING THE CAPABILITY OF EXISTING AND PROPOSED
PROPULSIVE SYSTEMS FOR ACCOMPLISHING PLANNED OR PROPOSED AUTOMATED
MISSIONS. THE THEORY, ANALYTIC APPROACHES AND COMPUTER
IMPLEMENTATION OF THE TASK NECESSARY TO CONDUCT THIS WORK HAVE BEEN
PURSUED AT THE AEROSPACE SYSTEMS LAB OF PRINCETON UNIVERSITY AND BY
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ANALYTICAL MECHANICS ASSOCIATES~ INC~ CURRENT EFFORTS ARE DIRECTED
AT EXTENDING THE CAPABILITIES OF THESE COMPUTER PROGRAMS, AS WELL AS
THE USE OF THE PROGRAMS ALREADY DEVELOPED v TOWARD THE GENERATION OF
MISSION DATA FJR A BROAD CHANGE OF MISSIONS AND TOWARD UPDATING
NASA'S LAUNCH VEHICLE ESTIMATING FACTORS BOOKLET FOR SOLAR ELECTRIC
PROPULSION. CO~PARISONS ARE BEING MADE BETWEEN HIGH AND LOW THRUST
MISSIONS TO ESTABLISH WHICH IS THE PREFERRED SYSTEM. INCLUDED IN THE
CURRENT EFFORTS HAS BEEN WORK DIRECTED TOWARD MAKING THE RELATIONSHIP
BETWEEN IMPULSIVE AND FINITE THRUST TRAJECTORIES MATHEMATICALLY
EXPLICIT AND THE IMPLEMENTATION OF THIS WORK INTO AN OPERATIONAL
TOOL. THE BEHAVIOR OF SEVERAL PROPOSED GUIDANCE SCHEMES WILL BE
ANALYZED IN AN ATTEMPT TO ESTABLISH THE CRITERIA ON WHICH A JUDGMENT
MAY BE MADE ABOUT THE RELATIVE MERITS OF ONE MODE OVER ANOTHER.
RTOP NO. 180-06-50 TITLE: ANALYSIS OF VEHICLE REQUIREMENTS
ORGANIZATION: LEWIS RESEARCH CENTER
MONITOR: ZIMMERMAN r A. V. TEL. 216-433-6486
TECHNICAL SUMMARY
PERFORMANCE v TRAJECTORY AND PAYLOAD CHARACTERISTICS OF LAUNCH
VEHICLES WILL BE INVESTIGATED TO EVALUATE THE CAPABILITY OF
EFFICIENTLY PERFORMING THE PRESENT AND PLANNED SPECTRUM OF AUTOMATED
MISSIONS. THIS WILL INCLUDE PRESENT VEHICLES, MODIFICATIONS OF
PRESENT VEHICLES AND CONSIDERATION OF APPROPRIATE NEW LAUNCH VEHICLES
AND UPPER STAGES. IN ADDITION, THE USE OF THE SPACE SHUTTLE AS
APPLIED TO THE UNMANNED MISSIeN PROGRAM WILL BE INVESTIGATED.
RTOP NO. 180-06~50 TITLE: LAUNCH OPERATIONS AND FACILITIES FOR
FLUORINE UPPER STAGES
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR: TRITTO e J. TEL. 305-853-9451
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS A PLAN WITH COMPREHENSIVELY DETAILED
SCHEDULE AND CJST ESTIMATES FOR CHANGES REQUIRED IN. FACILITIES,
EQUIPMENT, AND OPERATIONS AT THE KENNEDY SPACE CENTER TO ACCOMPLISH
THE RECEIPT THROUGH POST LAUNCH REFURBISHMENT CYCLE FOR UPPER STAGES
CONTAINING FROM 3 TO 15 THOUSAND POUNDS OF FLUORINE IN THE
PROPELLANTS. THE VEHICLES AND FACILITIES OF INTEREST ARE: THRUST
AUGMENTED THOR/COMPLEX 17, TITAN III-D CENTAUR/COMPLEX 41, AND SPACE
SHUTTLE/COMPLEX 39. THIS OBJECTIVE CAN BE ACHIEVED BY THE STRAIGHT
FORWARD APPLICATION OF APPROPRIATE EXISTING OPERATIONS ANALYSIS,
ENGINEERING, A~D ECONOMIC ANALYSIS METHODS. THE RESULTS MUST REFLECT
THE CURRENT BEST OF STATE-OF-THE-ART INFORMATION ON HANDLING FLUORINE
IN THE AREAS OF PERSONAL HEALTH AND SAFETY; SPILL AND LEAK
PREVENTION r CONTROL, AND DECONTAMINATION; THE TRANSPORTATION,
STORAGE, TRANSFER, SAMPLING r TEST, AND DISPOSAL OF FLUORINE, AND THE
OPERATION AND MAINTENANCE OF FLUORINE HANDLING FACILITIES AND
EQUIPMENT. THE DEVELOPED PLAN MUST PROVIDE A SCHEME OF FACILITIES,
EQUIPMENT, AND OPERATIONS OPTIMIZED FOR SAFETY, COST, AND ASSURANCE
OF LAUNCH ON TIME.
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RTOP NO. 180-06-51 TITLE: MISSION REQUIREMENTS FOR NUCLEAR ELECTRIC
SPACEC RAFT
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MEEKS v P. J. TEL. 213-354-2546
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO INVESTIGATE THE DIRECT
CONSEQUENCE OF USING NUCLEAR ELECTRIC PROPULSION TO PROVIDE PRIME
PROPULSION ABO~RD PLANETARY SPACECRAFT. THIS TASK IS TO DETERMINE
UNIQUE MISSION FEATURES, PAYLOAD CAPABILITY u LAUNCH VEHICLE
CHARACTERISTICS, SPACECRAFT INTEGRATION PROBLEMS AND SOLUTIONS,
GROUND SUPPORT EQU!PMENT, PRELAUNCH TESTING REQUIREMENTS,
RESTRICTIONS DUE TO NUCLEAR SAFETY g AND OVERALL MISSION COSTS FOR
NUCLEAR REACTOR ELECTRIC PROPULSION SYSTEMS. THIS TASK WILL
COMPLIMENT OVERALL SPACECRAFT DESIGN STUDIES PRESENTLY BEING
CONDUCTED WHICH PRIMARILY EMPHASIZE THE NUCLEAR ELECTRIC PROPULSION
SYSTEM. THE PROGRAM WILL BE CONDUCTED PRIMARILY UNDER INDUSTRY STUDY
CONTRACTS SUPPLEMENTED BY IN-HOUSE SUPPORT ANALYSES. THE INDUSTRY
STUDY CONTRACTS WILL OUTLINE THE MISSION OPERATIONAL ASPECTS, DEFINE
CERTAIN SPACECRAFT CONSTRAINTS INCLUDING NUCLEAR SAFETY, EVALUATE
DEVELOPMENT SCHEDULES AND COSTS FOR THE NUCLEAR ELECTRIC PROPULSION
SYSTEM AND DELINEATE THE DESIRED PROPULSION SYSTEM TECHNOLOGY LEVEL.
THE IN-HOUSE EFFORT WILL PROVIDE MISSION ANALYSIS, SPACECRAFT
STRUCTURAL ANALYSES (STATIC AND DYNAMIC), PROPULSION TECHNOLOGY,
SCIENCE PAYLOAD RSTIMATES AND NUCLEAR ELECTRIC SPACECRAFT PROJECT
COSTS TO PERFORM THE MISSION.
RTOP NO. 180-06-52 TITLE: LAUNCH VEHICLE CONCEPTS AND ANALYSIS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: lILOR, S. J. TEL. 703-827-2614
TECHNICAL SUMMARY
THE FOLLOWING PROGRAMS WILL BE ACCOMPLISHED. A. TO DETERMINE
THE FEASIBILITY OF USING A LAUNCH VEHICLE WITH A SPIN-STABLIZED FINAL
STAGE TO ACHIEVE LUNAR ORBIT. AN INVESTIGATION WILL IDENTIFY
ALLOWABLE TOLERANCES ON INJECTION ERRORS TO INSURE ENTRY INTO THE
LUNAR SPHERE OF INFLUENCE, THE TRANSLUNAR TRAJECTORY WHICH IS LEAST
SENSITIVE TO THESE ERRORS ON LUNAR ARRIVAL CONDITIONS AND BODY
ATTITUDE DEVllTIONS IN THE VICINITY OF THE MOON. B. TO EXTEND THE
SUCCESFUL DESIGN PRINCIPLES, EXPERIENCE, AND OPERATIONS TECHNOLOGY OF
THE SCOUT BOOSTER SYSTEM BY MODIFICATIONS WHICH WILL ENHANCE ITS
CURRENT CAPABILITY AND COST EFFECTIVENESS. THE BROAD STUDY WILL
EVALUATE CONFIGURATIONAL CHANGES IN TERMS OF PERFORMANCE, COST, AND
SCHEDULED PHASE-IN WITH THE PRESENT SYSTEM. C. TO PROVIDE A
TRAJECTORY ANALYSIS TOOL ENABLING A MORE RAPID AND REALISTIC
DETERMINATION JF THE ACTUAL ROCKET MOTOR PERFORMANCE. ANY
OFF-NOMINAL SYSTEM PERFORMANCE OR SYSTEM CONSTANTS WILL ALSO BE
REVEALED. THIS WILL BE OF SPECIAL VALUE IN EVALUATING NEW
CONFIGURATIONS. D. TO COMPARE MEASURED BENDING MOMENTS OF THE SCOUT
VEHICLE DURING FLIGHT WITH MOMENTS CALCULATED BASED ON MEASURED
INFLIGHT INPUT PARANETERS.
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RTOP NO. 180-06-60 TITLE: PLANNING RESEARCH IN THE AREA OF LAUNCH
VEHICLE AND PROPULSION PROGRAMS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: LAM, Be Ce TELe 202-962-4553
TECHNICAL SUMMARY
UNDER THIS PROCUREMENT, STUDIES ARE CONDUCTED TO AID NASA OSSA
LAUNCH VEHICLE AND PROPULSION PROGRAMS DIVISION IN SATISFYING ITS
RESPONSIBILITIES FOR PLANNING AND MAINTAINING AN ECONOMICAL AND
RELIABLE SPACE TRANSPORTATION SYSTEM FOR FUTURE OSSA, OTHER NASA,
OTHER U. S. GOVERNMENT, FOREIGN, AND COMMERCIAL DOMESTIC USERS.
DOCUMENTS ARE ASSEMBLED AND MAINTAINED THAT PROVIDE DATA AND OTHER
INFORMATION ON SPACE TRANSPORTATION SYSTEM PERFORMANCE, MISSION
ANALYSIS, SPACE TRANSPORTATION SYSTEM RELIABILITY, AND SPACE
TRANSPORTATION SYSTEM COSTS. STUDIES ARE PERFORMED TO: 1. EVALUATE
NEW SPACE TRANSPORTATION SYSTEM CONCEPTS AND RELATED TECHNOLOGY; 2.
ANALYZE PRESENr AND FUTURE SPACE TRANSPORTATION SYSTEM CAPABILITIES
IN TERMS OF REOUIREMENTS; 3. CONTINUE TO IMPROVE AND APPLY METHODS
FOR ESTIMATING FUTURE SPACE TRANSPORTATION SYSTEM COSTS; 4. ANALYZE
THE EFFECT OF SPACE TRANSPORTATION SYSTEM COMPOSITION AND PROJECTED
MISSION PLANS ON PROJECTED SPACE TRANSPORTATION SYSTEM COSTS; 5.
PROVIDE ECONOMIC AS WELL AS TECHNICAL INFORMATION AND ANALYSES Tfr
SERVE AS A BASIS FOR COMMUNICATING TECHNOLOGY NEEDS TO OART AND NASA
CENTERS; AND 6. GENERATE TRAJECTORIES AND OTHER INFORMATION TO
SUPPORT MISSION ANALYSES AND CTHER MISSION PLANNING ACTIVITLES AS
REQUIRED.
RTOP NO. 180-17-50 TITLE: SYSTEM PERFORMANCE AND TECHNOLOGY
ASSESSMENT FOR UNMANNED MISSIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CRAWFORD, R. TEL. 205-453-0480
TECHNICAL SUMMARY
METHODS AND COMPUTER PROGRAMS, DEVELOPED UNDER NAS12-550 AND
UPDATED AND TESTED UNDER NAS8-26491 u ALLOW THE DEFINITION OF SYSTEMS
PARAMETERS FOR PLANNED OSSA MISSIONS. THESE PARAMETERS INCLUDE DATA
NEEDED TO IDENTIFY ASTRIONICSjAVIONICS SUBSYSTEMS AND HARDWARE
REQUIREMENTS. THE SENSITIVITIES OF THESE REQUIREMENTS TO MISSION AND
SYSTEMS CHANGES OR MODIFICATIONS WILL BE INCLUDED. THE METHODS AND
COMPUTER PROGRAMS ALLOW ONE TO ENTER TECHNICAL DATA OF KNOWN
APPLICABLE AERJSPACE OR COMMERCIAL SUBSYSTEMS. THE OUTPUT WILL BE A
COMPARISON OF REQUIREMENTS FOR SPECIFIC OSSA MISSIONS WITH AVAILABLE
SUBSYSTEMS. THIS COMPARISON WILL AID NASA MANAGEMENT TO TAKE
ADVANTAGE OF SUBSYSTEMS ALREADY DEVELOPED OR BEING DEVELOPED FOR
OTHER PROGRAMS AND TO IDENTIFY NEW TECHNOLOGY NEEDED WHERE APPLICABLE
SUBSYSTEMS ARE NOT AVAILABLE.
RTOP NO. 180-17-50 TITLE: ASTRIONICS SYSTEMS EVALUATION
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
FEASIBILITY STUDY WILL BE CONDUCTED TO DEFINE A GUIDANCE AND
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CONTROL SYSTEM CONCEPT FOR APPLICATION TO THE FINAL STAGE OF A LAUNCH
VEHICLE, BASED ON TRADE-OFF STUDIES g STABILITY AND CONTROL ANALYSES~
GUIDANCE AND TRAJECTORY ERROR EVALUATIONS Q AND A PRELIMINARY DESIGN
UTILIZING THE-CONCEPT SELECTED~ TRADE-OFF STUDIES WILL EMPHASIZE
VERSATILITY OF USE IN SATISFYING VARIED MISSION REQUIREMENTS q
CAPABILITY FOR IMPROVING VEHICLE OVERALL PERFORMANCE ACCURACY v AND
MINIMAL IMPACT ON VEHICLE INTERFACE CHANGES q SYSTEM WEIGHT, AND COST
OF IMPLEMENTATIONo ALSO, A SURVEY OF INDUSTRY AND GOVERNMENT
AGENCIES WILL BE CONDUCTED TO DETERMINE THE AVAILABILITY OF A
STATE-OF-THE-ART INERTIAL GUIDANCE (MINIATURIZED GIMBAL OR
STRAP-DOWN p CONVENTIONAL GYROS OR LASER GYROS) SYSTEMS WHICH COULD BE
UTILIZED IN LAUNCH VEHICLES OR AIRCRAFT. EVALUATION POINTS WILL BE
WEIGHT, VOLUME y COST, EASE OF MAINTENANCE u RELIABILITY 6 AND ACCURACY.
RTOP NOo 180-17-50 TITLE: ASTRIONIC SYSTEMS EVALUATION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BECKHAM u J. M. TELa 301-982-6356
TECHNICAL SUMMARY
THE PURPOSE OF THIS TASK IS TO PERFORM AN ANALYTICAL EVALUATION
OF THE ACCURACY OF STRAPDOWN GUIDANCE SYSTEMS CONSIDERING THE EFFECTS
OF A DYNAMIC ENVIRONMENT PRESENT IN A LAUNCH VEHICLE. AS A BASIS FOR
EVALUATION, THE STRAPDOWN GUIDANCE SYSTEM SELECTED FOR USE ON THE
DELTA LAUNCH VEHICLE IS BEING STUDIED IN A TWO PHASE PROGRAM. IN
PHASE 1, NOW CJMPLETE, AVAILABLE DATA ON SYSTEMS THEN COMPETING FOR
SELECTION WERE COMPILED ALONG WITH THE PREDICTED VEHICLE DYNAMIC
ENVIRONMENT. IN PHASE 2, CURRENTLY UNDERWAY, THE MAJOR SYSTEM ERRORS
ARE BEING STUDIED. THIS EFFORT INCLUDES A STUDY OF SENSOR ERRORS IN
ORDER TO IDENTIFY THE MAJOR NAVIGATION ERROR SOURCES AND GUIDANCE
PROGRAM MECHANIZATION IN ORDER TO IDENTIFY BOTH ALGORITHMIC AND
COMPUTATIONAL ERRORS. IN ADDITION A POST-FLIGHT ANALYSIS PROGRAM IS
BEING DEVELOPED TO PROVIDE VERIFICATION OF PRE-FLIGHT PREDICTIONS~
FY 72 FUNDING ~ILL BE USED TO EXTEND THE PHASE 2 EFFORT UNTIL AFTER
THE FIRST LAUN:HES UTILIZING THE NEW STRAPDOWN GUIDANCE SYSTEM IN
ORbER TO PERFORM POST FLIGHT ANALYSIS AND FOR INVESTIGATING SYSTEM
ERRORS APPLICABLE TO LUNAR OR INTERPLANETARY TRANSFER TRAJECTORIES.
RTOP NO. 180-17-52 TITLE: SYSTEM AND TRAJECTORY ANALYSIS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CRAWFORD r R. TElo 205~453~0480
TECHNICAL SUMMARY
THE EVALUArION OF STRAPDOWN INERTIAL SYSTEMS FOR LAUNCH VEHICLES
REQUIRES A DETERMINATION OF THE PERFORMANCE IN THE LAUNCH
ENVIRONMENT. STUDIES AND EXPERIMENTS COMPLETED SHOW THAT THE LAUNCH
ENVIRONMENT OF THE VEHICLE MODIFIES THE STATIC ERROR MODEL OF THE
SYSTEM. THESE EFFECTS MUST BE IDENTIFIED AND CONCEPTS DEVELOPED AND
TESTED FOR REDUCING THESE ERRORS TO AN ACCEPTABLE LEVEL. STUDIES WILL
BE PERFORMED TO DEVELOP GUIDELINES FOR SELECTING SUBSYSTEM
APPROACHES. E~PERIMENTAL STUDIES WERE ALSO CONTINUED TO QUANTIFY THE
SENSITIVITY OF SENSORS AND SYSTEMS TO THE LAUNCH ENVIRONMENT.
CANDIDATE SENSJRS WILL BE MODIFIED AS APPROPRIATE TO INCLUDE CURRENT
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DEVELOPMENTo
RTOP NO. 180~17-53 TITLE: DYNAMIC TESTS OF INERTIAL SENSORS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CRAWFORDg R. TEL. 205-453-0480
TECHNICAL SUMMARY
TO DETERMINE THE PERFORMANCE QUALITY OF INERTIAL SENSORS
DESIGNED FOR ASTRIONICS APPLICATIONS. 1. DETERMINE THE SUITABILITY
OF EXISTING METHODS AND EQUIPMENT FOR DYNAMIC TESTS OF INERTIAL
SENSORS DEVELOPED AS EXPERIMENTAL PROTOTYPES FOR ASTRIONICS
APPLICATIONS. 2. DEVELOP THE NECESSARY TEST DATA REDUCTION METHODS.
3. EVALUATE THE SENSOR COEFFICIENTS OF DESIGNATED ERROR MODELS FOR
ASTRIONICS SYSTEMS, WITH AND WITHOUT ANY ERROR COMPENSATION
EQUIPMENT. 4. CONDUCT PERFORMANCE TESTS WITH THE INERTIAL SENSORS
COMBINED INTO AN ASTRIONICS SENSOR PACKAGE.
RTOP NO. 180-17-54 TITLE: GUIDANCE COMPUTER TECHNOLOGY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: CRAWFORD, R. TEL. 205-453-0480
TECHNICAL SURMARY
THE COMING DECADE OF VIGOROUS SPACE ACTIVITY BY NASA AND OTHER
ORGANIZATIONS WILL REQUIRE AN INCREASINGLY RELIABLE LAUNCH VEHICLE
FAMILY. THIS INCLUDES THE DEVELOPMENT OF TECHNOLOGY TO PROVIDE
FLEXIBLE AND RELIABLE GUIDANCE COMPUTATION FOR FUTURE SPACE MISSIONS.
HIGH PERFORMANCE DATA PROCESSING CONFIGURATIONS WITH USEFUL
LIFETIMES UP TJ FIVE YEARS FOR LONG DURATION EARTH ORBITAL AND
PLANETARY MISSIOBS ARE TO BE EMPHASIZED. DIGITAL LOGIC, CIRCUITS AND
PACKAGING TECHNIQUES ARE TO BE DEVELOPED TO MEET THE RELIABILITY AND
ENVIRONMENTAL :ONSTRAINTS OF THESE ADVANCED MISSIONS. EMPHASIS WILL
BE GIVEN TO CONTINUATION OF RESEARCH IN MODULAR COMPUTER
CONFIGURATIONS INCLUDING EVALUATION OF MODULAR COMPUTER BREADBOARD
WHICH HAS BEEN DEVELOPED AND FABRICATED BY NASA EL~C~RONICS RESEARCH
CENTER. EXISTING SOFTWARE WILL BE REFINED AND EXPANDED AND NEW
SOFTWARE DEVELJPED IN THE AREAS OF FAILURE DETECTION, SWITCHING
CDNTROL g AND RECOVERY. THE CULMINATION OF THESE DEVELOPMENTS AND
EVALUATIONS WILL RESULT IN THE FABRICATION OF A PROTOTYPE MODULAR
COMPUTER SYSTEM UTILIZING LSI TECHNOLOGY. ASSOCIATED SOFTWARE WILt
BE DEVELOPED CJNCURRENTLY.
RTOP NO. 180-24-51 TITLE: ENGINEERING INSTRUMENTATION
ORGANIZATXON: JET PROPULSION LABORATORY
MONITOR: MEEKS, P. J. TEL. 213-354-2546
TECHNICAL SUMMARY
THIS IS AN APPLIED RESEARCH PROGRAM DESIGNED TOWARDS DEVELOPING
AND DEMONSTRATING ELECTROTHERMAL NONDESTRUCTIVE TEST TECHNIQUES FOR
ELECTROEXPLOSIVE DEVICES. SUCH DEVICES PRESENTLY REQUIRE THE
DESTRUCTIVE TESTING OF A LARGE NUMBER OF UNITS FROM A LOT TO
DEMONSTRATE HIGH ATTRIBUTED RELIABILITY AND CONFIDENCE TO ~HF
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REMAINDER OF THE GROUP. BY NONDESTRUCTIVE TESTING ALL DEVICES IN A
LOT~ BOTH HIGHER INHERENT RELIABILITY OP FLIGHT HARDWARE AND REDUCED
COSTS TO SCREEN AND QUALIFY WILL RESULTo INSTRUMENTATION IS BEING
DEVELOPED TO ELECTROTHERMALLY MEASURE THE MOST CRITICAL PORTION OF
SUCH DEVICES F THE BRIDGEWIRE v AND ITS IMMEDIATE SURROUNDINGS. THE
RESULTANT SIGNALS WILL BE UTILIZED TO EVALUATE THE INTEGRITY AND
FUNCTIONAL RELIABILITY OF THE DEVICE BY IDENTIFYING EXISTING PROBLEMS
OR ANOMALIES. DURING PROGRAM DEVELOPMENT u DEVICES WITH KNOWN
ANOMALIES OR FAILURE MECHANISMS WILL BE TESTED TO CORRELATE THE DATA
WITH PARTICULAR TYPES OF DISCREPANCIES SUCH _AS POOH BRIDGEWIRE
WELDS~ AND INCORRECT WARNING LOADING PRESSURE. THE RESULTS OF THIS
EFFORT WILL PROVIDE REALISTIC ACCEPTANCE INSPECTION TECHNIQUES OF
ACTUAL FLIGHT HARDWARE THEREBY REDUCING THE NUMBER OF DEVICES THAT
PRESENTLY MUST BE DESTRUCTIVE TESTED TO DEMONSTRATE HIGH
RELIABILIT!ES. THESE TEST TECHNIQUES ALSO ARE BEING INVESTIGATED FOR
APPLICABILITY TO ELECTRONIC COMPONENTS LIKE FUSES g AND RESISTORS.
RTOP NO. 180-31-50 TITLE: TANKAGE DEVELOPMENT AND EVALUATION
ORGANIZATION: LEWIS RESEARCH CENTER·
MONITOR: SMITH, Ge To TEL. 216-433-6221
TECHNICAL SUMMARY
THE WORK C~NDUCTED UNDER THIS RTOP WILL BE DIRECTED TO PROVIDING
THE DATA, DESIGN TECHNIQUES AND APPLIED TECHNOLOGY ESSENTIAL TO THE
DESIGN AND FABRICATION OF LOW COST~ HIGH PERFORMANCE, RELIABLE
PRESSURE VESSELS FOR UPPER STAGE VEHICLESe INVESTIGATIONS WILL BE
CONDUCTED USING CONCEPTS AND METHODS OF LINEAR~ELASTIC FRACTURE
MECHANICS FOR SELECTION OF MATERIAL~ WORKING STRESS, PROOF TEST
STRESS, AND OPERATIONAL CONTROLSa SPECIFIC EMPHASIS WILL BE DIRECTED
TO THE CHARACTERIZATION OF THE GROWTH OF FLAWS WHICH ARE DEEP WITH
RESPECT TO THE MATERIAL THICKNESS. BOTH CRITICAL AND SUBCRITICAL FLAW
GROWTH DATA WILL BE OBTAINED IN BOTH AGGRESSIVE AND INERT
ENVIRONMENTS. MATERIALS WHICH ARE CURRENT CANDIDATES FOR HIGH
ENERGY. UPPER-STAGE VEHICLE TANKAGE WILL BE USED TO CONDUCT THESE
STUDIES.
RTOP NO. 180-31-51 TITLE: THERMAL AND FLUID SYSTEMS MANAGEMENT
ORGANIZATION: LEWIS RESEARCH CENTERI \
MONITOR: AUKERMAN, C. Ae TEL. 216-433-6538
TECHNICAL SUMMARY
THE GENERAL OBJECTIVES OF THE PBOGRAMS TO BE CONDUCTED UNDER
THIS RTOP ARE fO PROVIDE THE TECHNOLOGY REQUIRED FOR EFFECTIVE
DESIGN p FABRICATION u MAINTENANCE AND OPERATION OF THERMAL PROTECTION
AND FLUID SYSTEMS FOR USE WITH CRYOGENIC PROPELLANTS IN LAUNCH
VEHICLES AND UPPER STAGES. IN THE AREA OF THERMAL SYSTEMS Q
EXPERIMENTAL AND ANALYTICAL S~UDIES WILL BE CONDUCTED TO (1) DEVELOP
AND EVALUATE THERMAL PROTECTION SYSTEM CONCEPTS FOR CRYOGENIC TANKS g
(2) EVALUATE MULTILAYER INSULATION PERFORMANCE UNDER SURFACE
TEMPERATURE CONDITIONS CORRESPONDING TO THOSE TO BE ENCOUNTERED IN
SPACEr (3) EVALUATE CONCEPTS TO THERMALLY UNCOUPLE TANK PENETRATIONS
FROM THE INSULATION AND PROPELLANT, (4) ASSESS THE EFFECT OF
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INTERSTITIAL OUTGASSING ON MULTILAYER INSULATION PERFORMANCE
(INCLUDING THE EFFECT OF PERFORATIONS), AND (5) IMPROVE THERMAL
PERFORMANCE PREDICTION CAPABILITIES. IN THE AREA OF FLUID SYSTEMS, A
LOW THRUST ATTITUDE CONTROL SYSTEM USING PROPELLANTS FROM THE MAIN
FUEL TANK WILL BE EVALUATED. IN THIS CONCEPT, THE CRYOGENIC FUEL
WILL BE COVERTED TO A WARM GAS USING STORED THERMAL ENERGY.
RTOP NO. 180-31-52 TITLE: LIQUID PROPULSION TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY -
MONITOR: MEEKS, Po J. TEL. 213-354-2546
TECHNICAL SUMMARY
A MAJOR OBJECTIVE IS TO DEMONSTRATE AND EVALUATE A COMBINATION
MONO- AND BIPROPELLANT ROCKET ENGINE FOR UNMANNED PLANETARY
SPACECRAFT APPLICATIONS. THE ENGINE WILL BE CAPABLE OF
OPERATINGCONTINUOUSLY FOR 1000 SECONDS AT 1000 LBF THRUST FOR
ORBIT-INSERTION OR PLANE-CHANGE MANEUVERS,ATA REDUCED THRUST OF
ABOUT 300 LBF WITH MONOPROPELLANT N2H4 FOR TRAJECTORY CORRECTION AND
ORBIT MODIFICATION BURNS, WITH A SINGLE THRUST CHAMBER. THE
INVESTIGATION JF THE REQUIREMENTS FOR A MIDCOORSE PROPULSION SYSTEM
CAPABLE OF MULTIPLE FIRINGS DURING A LONG-DURATION MISSION, AND THE
INTERFACE CONSTRAINTS PLACED UPON THE PROPULSION SYSTEM WHICH ARISE
FROM INTEGRATING THE SYSTEM WITH THE ATTITUDE PROPULSION SYSTEM AND
OTHER SYS~EMS JFAN ADVANCED SPACECRAFT WILL BE COMPLETED FOR TOPS.
THE DESIGN, FABRICATION, AND TEST OF A PROTOTYPE SYSTEM W.ILL BE
CONDUCTED IN ORDER TO DETERMINE FEASIBILITY AND DISCOVER ANY
UNFORESEEN SYSTEM OR ENVIRONMENTAL INTERACTIONS. EXISTING COMPONENTS
WILL BE USED AS AVAILABLE. ANOTHER OBJECTIVE IS TO ADVANCE OUR
UNDERSTANDING OF THE CHEMICAL AND MECHANICAL PROCESSES OCCURRING
WITHIN A CATALYST BED DURING MONOPROPELLANT DECOMP03ITION, WITH
SPECIAL EMPHASIS ON THE PHENOMENON KNOWN AS "WASHOUT." A SYSTEMS
EFFORT SIMILAR IN SCOPE TO THE TOPS MONOPROPELLANT UNIT NOW BEING
COMPLETED WILL IDENTIFY REQUIREMENTS FOR FUTURE UNMANNED SPACECRAFT
MAIN PROPULSION. COORDINATING WITHTHE 100 LBF BIMODAL ENGINE UNIT
AND WITH RELEVANT OART ACTIVITIES, FURTHER TECHNOLOGY ADVANCEMENTS
WHICH WOULD ENHANCE THE MISSIONS UNDER CONSIDERATION, AND WHICH COULD
BE ACHIEVED PRIOR TO A MISSION START, WILL BE RECOMMENDED.
RTOP NO. 180-32-51 TITLE: SOLID ROCKET PROPULSION SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON~ C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
A REVIEW WILL BE MADE OF THE CRITERIA AND METHODS OF ANALYSIS
USED IN THE DESIGN~ PROCESSES, AND TECHNIQUES USED IN THE FABRICATION
OF SOLID FUEL ROCKET MOTORS~ PARTICULARLY THOSE USED IN THE SCOUT
VEHICLE, AND IDENTIFY THOSE AREAS WHERE THE DESIGN AND/OR PROCESS
CONTROLS ARE INADEQUATE. A STUDY WILL BE PERFORMED TO DEFINE THE
EXTENT AND SEVERITY OF THE SOLID ROCKET MOTOR OUTGASSING. OPTJMUM
MOTOR CASE MATERIALS AND/OR FABRICATION TECHNIQUES WILL BE SELECTED.
AN INVESTIGATIJN WILL BE CONDUCTED TO DETERMINE AND VERIFY BY TESTS A
TECHNIQUE FOR PREDICTING THE AERODYNAMIC COEFFICIENTS OF CONTROL
222
SURFACES IMMERSED IN A ROCKET EXHAUST FLOW EXTERNAL TO THE NOZZLE. A
STUDY WILL SURVEY THE EXISTING MOTORS u DEFINE AN OPTIMUM
CONFIGURATION FOR AN UPPER STAGE HOTOR g AND SELECT ONE OR MORE
CANDIDATES AS THE STARTING POINT FOR DEVELOPMENT OF THE OPTIMUM
MOTOR. THE APJLLO STANDARD INITIATOR WILL BE QUALIFIED TO A DELAY
INITIATOR ASSEMBLY IN A MODULAR CONCEPT. IN THIS CONCEPT, THE APOLLO
STANDARD INITIATOR SHALL BE USED TO FUNCTION HIGHER LEVEL
HERMETICALLY-SEALED PYROTECHNIC ASSEMBLIES~ SEPARATE KOTOR DELAY
INITIATOR ASSEMBLIES WILL BE DEVELOPED TO MEET TBREE DIFFERENT
SPECIFIED CONDITIONS. AN INVESTIGATION WILL BE MADE TO EVALUATE THE
EFFECTIVENESS OF RADIOGRAPHIC AND ULTRASONIC NONDESTRUCTIVE TEST
METHODS CURRENTLY USED FOR DETERMINING THE ACCEPTANCE OF SOLID
PROPELLANT MOTJRS. METHODS FCR UPGRADING THE QUALITl OF
NONDESTRUCTIVE TEST ACCEPTANCE CRITERIA, THROUGH IMPROVEMENTS IN
EXISTING EQUIPMENT AND PROCEDURES, AND/OR THE USE OF ADVANCED
TECHNIQUES WILL ALSO BE INVESTIGATED. _ A DEVELOPMENT PROGRAM WILL BE
CONDUCTED TO DETERMINE THE SELECTION OF AN IMPROVED MATERIAL----
RTOP NO. 180-32-52 TITLE: SOLID AND HYBRID PROPULSION TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MEEKS, P. J. TEL. 213-354-2546
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS STUDY ARE TO: (1) DETERMINE REQUIREMENTS
FOR AND EFFECTIVENESS OF SOLID AND HYBRID PROPULSION SYSTEMS IN
PLANETARY SPACECRAFT ORBIT INSERTION MANEUVERS AND SOLID PROPELLANT
MOTORS FOR PLANETARY PROBE APPLICATIONS; (2) STUDY THE SYSTEM AND
ENVIRONMENTAL EFFECTS ON SOLID MOTOR RELIABILITY. THE WORK RELATING
TO PLANETARY MISSIONS FIRST WILL DETERMINE THE MISSION PROPULSION
REQUIREMENTS F3R A WIDE SPECTRUM OF PLANETARY ORBITER AND PROBE
MISSIONS, AND IDENTIFY PECULIAR PROPULSION ORIENTED MISSION AND
SPACECRAFT INTERFACE REQU_IREMENTS~ THEN AN ASSESSMENT WILL BE MADE
OF THE COMPETIfIVE PERFORMANCE, COST, RELIABI~ITY, STORABILITY AND
PACKAGING CHARACTERISTIC RELATIVE TO COMPETING MONOPROPELLANT AND
BIPROPELLANT CANDIDATESc STANDARDIZATION OF CERTAIN CLASSES OF
PROPULSION SYSTEMS FOR MULTI-MISSION APPLICATION WILL BE SOUGHT. TO
ATTAIN THE SECOND OBJECTIVE, SYSTEMS AND ENVIRONMENTAL EFFECTS ON
MOTOR RELIABILITY WILL BE EVALUATED, AND CHANGES TO FUNCTIONAL
SPECIFICATIONS RECOMMENDED.
RTOP NO. 185-47-51 TITLE: ABSOLUTE PRESSURE, ATOMIC OXYGEN, AND
ENERGETIC BEAM CALIBRATION FOR MASS
SPECTROMETERS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: NIEMANN, H. B. TEL. 301-982-5716
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP LABORATORY TECHNIQUES
AND CONSTRUCT TEST FACILITIES FOR THE TESTING AND CALIBRATION OF
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INSTRUMENTS TO MEASURE THE NEUTRAL PARTICLE COMPOSITION AND
TEMPEnATURE IN THE ATMOSPHERE. THE LARGE PRESSURE RANGE OVER WHICH
THE INSTRUMENTS ARE REQUIRED TO OPERATE AND THE DIFFERENT CHEMICAL
PROPERTIES OF THE VARIOUS ATMOSPHERIC CONSTITUENTS MAKE IT NECESSARY
TO BUILD SEVERAL SEPARATE SYSTEMS EACH WITH A LIMITED RANGE AND
FLEXIBILITY WHICH TOGETHER SATISFY THE TEST REQUIREMENTS. AN
ABSOLUTE PRESSURE CALIBRATION SYSTEM WILL BE CONSTRUCTED FOR MASS
SPECTROMETER CALIBRATION WITH NON-REACTIVE GASES g I.E. g N2 0 02 6 C02,
ETC. e AND NOBLE GASES. A DUAL CHAMBER SYSTEM WITH LIQUID HELIUM
CRYOGENIC PUMPS AND SPUTTER ION PUMPS WILL BE USED IN ORDER TO
PROVIDE FOR LARGE PUMPING LOW ULTIMATE PRESSURE AND HYDROCARBON FREE
OPERATIONS. PRESSURE MEASUREMENT WITH REFERENCE MANOMETER AND HIGH
SPEED COMPUTER caMPATIBLE DATA RECORDING ASSURES IMPROVED MEASUREMENT
ACCURACY AND HIGH EFFICIENCY. FOR THE EVALUATION OF SPECTROMETERS
WITH CHEMICALLY ACTIVE GASES, I.E., O_AND Ho SUBSTANTIAL IMPROVEMENTS
ARE PLANNED FOR THE USE OF BOTH (1) THE THERMAL DISSOCIATION BEAM
SYSTEM WHICH PRODUCES ATOMIC CONSTITUENTS BY MEANS OF DISSOCIATION
INDUCED BY A HEATED FILAMENT v AND (2) THE SATELLITE ENERGY SPUTTERED
BEAM SYSTEM WHICH PRODUCES MEDIUM ENERGY ATOMIC BEAMS BY MEANS OF
ENERGETIC ION SPUTTERING OF VACUUM DEPOSITED GAS _LAYERS. WITH
FURTHER DEVELOPMENT, COMPLEMENTARY STUDIES TO BE CARRIED OUT WITH
THESE SYSTEMS WILL INCLUDE {1} CALIBRATION OF SENSOR RESPONSE TO
ACTIVE GASES OF HIGH CONCENTRATIONS q WITH VERY LOW BACKGROUND
PRESSURES, AND (2) AN EVALUATION OF THE EFFECT OF
RTOP NO. 185-47-52 TITLE~ DEVELOPMENT OF NEUTRAL MASS SPECTROMETERS
FOR PLANETARY ATMOSPHERE EXPERIMENTS
ORGANIZATION: 30DDARD SPACE FLIGHT CENTER
MONITOR: SPENCER, N. W. TEL. 301-982-5001
TECHNICAL SUMMARY
THIS RESEARCH PLAN IS CONCERNED WITH THE OVERALL IMPROVEMENT OF
NEUTRAL GAS COMPOSITION MEASUREMENTS PLANNED FOR THE ATMOSPHERES OF
THE EARTH AND OF THE PLANETS. IN GENERAL, IMPROVEMENTS ARE SOUGHT IN
TWO BASIC AREAS, (1) SENSOR CONCEPT AND APPLICATION, AND (2)
OPTIMIZATION OF BASIC INSTRUMENT PARAMETERS IN ANTICIPATION OF
RESTRICTIVE MISSION CONSTRAINTS. IN THE FIRST AREA, SENSOR
DEVELOPMENT WILL BE DIRECTED TOWARD (A) THE IMPROVEMENT OF AMBIENT
GAS SAMPLING TECHNIQUES FOR HIGH VELQCITY PROBES INTO HIGH DENSITY
ATMOSPHERES (E.G. THE JOVIAN TURBOPAUSE PROBE), eB} THE DESIGN OF
MORE EFFICIENT ION SOURCES OF BOTH THE "0PENII TYPE WHICH PROVIDES
SIDE-ENERGY FO::::USING u AND THE "CLOSED" TYPE WHICH INCREASES THE
THERMALIZATION OF THE GAS BEING MEASURED. IN THE SECOND AREA,
NEUTRAL SPECTRJMETER SYSTEM DEVELOPMENT WILL BE DIRECTED TOWARD
OPTIMIZING EXISTING TECHNIQUES IN VIEW OF RIGOROUS REQUIREMENTS
ANTICIPATED IN FORTH-COMING EARTH AND PLANETARY FLIGHT OPPORTUNITIES.
THIS WORK WILL CONCENTRATE ON (1) DEVELOPMENT OF SMALLER, LIGHTER,
HIGHER RESOLUTION, LESS EXPENSIVE ANALYZERS USING HYPERBOLIC RODS,
(2) IMPROVEMENT OF ION CURRENT DETECTORS APPLICABLE TO DIGITAL
SYSTEMS, EMPHASIZING ACCURACY, SENSITIVITY, AND STABILITY, AND (3)
DEVELOPMENT OF IMPROVED DIGITAL LOGIC AND ON-BOARD DATA PROCESSING
SUB-SYSTEMS. EARTH ATMOSPHERE FLIGHT TESTS WILL BE PERFORMED TO TEST
AND COMPARE IMPROVED MEASUREMENT SUBSYSTEMS UNDER TRUE FLIGHT
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CONDITIONS. THESE PERIODIC FLIGHT TESTS WILL BE PLANNED TO EMPHASIZE
THE EVALUATION OF DEVELOPMENTS IN THE ION SOURCE AREA AND IN THE
ON-BOARD DATA PROCESSING SYSTEM~
RTOP NO. 185-47-53 TITLE: DEVELOPMENT OF ION MASS SPECTROMETER FOR
PLANETARY ATMOSPHERIC EXPERIMENT
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: TAYLOR, H. A., JR. TEL. 301-982-6610
TECHNICAL SUMMARY
THE BENNETT RADIO FREQUENCY ION MASS SPECTROMETER INSTRUMENT IS
BEING PREPARED FOR FUTURE PLANETARY FLIGHT OPPORTUNITIES q INCLUDING
BOTH ENTRY PROBES AND ORBITERS. THE OBJECTIVES OF THE EXPERIMENTS TO
BE PERFORMED WITH THESE INSTRUMENTS WILL BE THE DIRECT IN-SITU
MEASUREMENT OF AMBIENT THERMAL POSITIVE IONS DISTRIBUTED IN THE
PL~NETARY IONOSPHERE. THE BENNETT ION SPECTROMETER INSTRUMENT HAS
BEEN USED EXTENSIVELY IN BOTH ROCKET AND SATELLITE INVESTIGATIONS OF
THE EARTH'S ATMOSPHERE, AND EXISTING TECHNIQUES HAVE PROVEN ,QUITE
SUCCESSFUL FOR SUCH PURPOSES. HOWEVER g CHARACTERISTICS DF FUTURE
MISSIONS SUCH AS THE PLANETARY EXPLORER PLACE IMPORTANT NEW
CONSTRAINTS UPJN INSTRUMENT WEIGHT q POWER q AND DATA REQUIREMENTS. AT
THE SAME TIME v THESE CONSTRAINTS ARE ACCO~PANIED BY THE REQUIEMENTS
FOR IMPROVED LJNG-TERM RELIABILITY v AND REDUCED COSTS. THE
DEVELOPMENT WORK PLAN EMPHASIZES FOUR SPECIFIC GOALS v NAMELY (1)
OPTIMIZATION OF A LIGHT-WEIGHT u LOW COST g SENSOR DESIGN v (2)
IMPROVEMENTS IN ON-BOARD DATA PROCESSING TECHNIQUES. (3) EVALUATION
AND UPGRADING OF INSTRUMENT OPERATING PROCEDURES AND q (4) EARTH
AT~OSPHERE TESr FLIGHTS OF PROTOTYPE INSTRUMENTS. THE FIRST TWO
TASKS INVOLVE MECHANICAL AND ELECTRICAL DESIGN IMPROVEMENTS u
EMPHASIZING THE OPTIMIZATION OF EXISTING TECHNIQUES. THE THIRD TASKS
INVOLVE SOME ADDITIONAL LABORATORY STUDIES OF POTENTIAL IMPROVEMENTS
IN OPERATING PROCEDURtS MADE POSSIBLE AS A RESULT OF ADVANCES UNDER
TASKS 1 AND 20 FINALLY~ ALL OF THE IMPROVEMENTS REALIZED IN TASKS 1
THRU 3 WILL BE INCORPORATED IN A PROTOTYPE INSTRUMENT WHICH WILL BE
FLIGHT TESTED AS A PIGGY-BACK INSTRUMENT ON AN ~XISTING JAVELIN
ROCKET PAYLOAD.
RTOP NO. 185-47-54 TITLE: EXPERIflENT DEVELOPMENT FOR THE
DETERMINATION OF VENUS CLOUD PARTICLE
COMPOSITION
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: NIEMANN, H. B. TEL. 301-982-5776
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP A PRACTICAL TECHNIQUE
FOR THE DETERMINATION OF THE COMPOSITION OF CLOUD PARTICLES IN THE
LOWER ATMOSPHERE OF VENUS. ALTHOUGH THE COMPLEXITY OF THE VENUS
CLOUD STRUCTURE, WHICH IS EXPECTED TO ~E AT LEAST EQUAL TO THE
COMPLEXITY OF THE TERRESTRIAL CLOUD STRUCTURE, REQUIRES A STUDY OF
MANY DIFFERENT TECHNIQUES, THE RELATIVELY STRAIGHTFORWARD AND
LABORATORY PROVEN METHOD OF MASS SPECTROMETERS FOR THE COMPOSITION
DETERMINATION OF SOLID MATERIAIS AND CONDENSIBLES WILL BE ADAPTED FOR
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SPACE FLIGHT APPLICATIONS. THE MAJOR EFFORT WILL BE EXTENDED IN THE
AREA OF MINIATURIZATION Q WEIGHT REDUCTION AND EFFICIENCY IN POWER
CONSUMPTION. '
RTOP NO. 185- 47-55 TITLE: SPECTROSCOPY AND PHOTOCHEMISTRY OF
PLANETARY AND COMETARY MOLECULES
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: STIEF. L. J. TEL. 301-982~2529
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS PROGRAM ARE TO MEASURE THE OPTICAL AND
CHEMICAL PROPERTIES OF ATOMS AND MOLECULES WHICH ARE IMPORTANT IN
UNDERSTANDING THE COMPOSITION OF PLANETARY ATMOSPHERES AND COMETS.
EMPHASIS IS PLACED ON THOSE PROBLEMS WHICH ARE OF IMMEDIATE CONCERN
FOR INTERPRETING THE RESULTS OF ROCKET AND SATELLITE OBSERVATIONS.
IN THESE INVESTIGATIONS THE WELL KNOWN TECHNIQUES OF OPTICAL
SPECTROSCOPY AND OF PHOTOCHEMISTRY ARE APPLIED UNDER WELL DEFINED
EXPERIMENTAL CJNDITIONS. SOPHISTICATED TECHNIQUES HAVE BEEN
DEVELOPED FOR DATA REDUCTION AND FOR HANDLING THE SMALL SIGNAL LEVELS
WHICH ARE USUALLY ENCOUNTERED. AN ADDITIONAL OBJECTIVE IS TO STUDY
ATMOSPHERIC DYNAMICS THEORETICALLY BY INTEGRATING EQUATIONS
DESCRIBING THEIR DYNAMICAL BEHAVIOR. THE PHOTOABSORPTION EXPERIMENT
HAS BEEN COMPLETELY AUTOMATED USING AN IBM 1800 COMPUTER. CROSS
SECTIONS ARE BEING MEASURED FOR THE PRODUCTION OF THE CO FOURTH
POSITIVE BAND SYSTEM AND 0 RESONANCE LINE EMISSION FROM
PHOTODISSOCIATION OF C02. DISSOCIATIVE EXCITATION CROSS SECTIONS FOR
ELECTRON IMPACr OF NO ARE CURRENTLY BEING MEASURED. A FLASH
PHOTOLYSIS-RESJNANCE FLOURESCENCE APPARATUS HAS BEEN DESIGNED IN
DETAIL TO DIRECTLY MEASURE QUANTUM YI~LDS FOR PRIMARY PHOTOCHEMICAL
PROCESSES. THE APPARATUS WILL BE IN OPERATION IN THE NEXT FISCAL
YEAR. IT HAS BEEN ESTIMATED FROM EXPERIMENTS EMPLOYING ISOTOPIC
LABELLING AND PRODUCT ANALYSIS THAT, CONTRARY TO A MODEL PROPOSED TO
EXPLAIN THE PERSISTENCE OF C02 ON MARS, THE RATE OF THE REACTION C03
+ CO TO 2C02 IS SEVERAL ORDERS OF MAGNITUDE SLOWER THAN THAT FOR 2C03
TO 02 {- 2c02.
R'l'OP NO. 185-47-56 TITLE: NEGATIVE IONS IN PLANETARY
ATMOSPHERES002200014000
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: AIKIN, A. C. TEL. 3~1-982-4913
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DETERMINE THE ALTITUDE DISTRIBUTION AND
SPECIES OF NEGATIVE IONS PRESENT IN PLANETARY ATMOSPHERES SUCH AS
VENUS AND MARS. SINCE NEGATIVE ION FORMATION AND SPECIES WILL DEPEND
ON THE PRESENCE OF MINOR NEUTRAL ATMOSPHERIC CONSTITUENTS SUCH AS
MOLECULAR OXYGEN AND WATER VAPOR, IDENTIFICATION OF NEGATIVE IONS CAN
BE USED AS A TRACER OF THESE NEUTRAL CONSTITUENTS. THE PRESENT STUDY
WILL SIMULATE THE LOWER IONOSPHERE OF A C02 ATMOSPHERE WITH ,TRACE
NEUTRAL CONSTITUENTS AND IDENTIFY SPECIES OF NEGATIVE IONS. A
NEGATIVE ION DETECTION SYSTEM FOR SAMPLING IN PLANETARY ATMOSPHERES
WILL ALSO BE DEVELOPED. THIS SYSTEM WILL ~NITIALLY BE UTILIZED FOR
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THE EARTH'S ATt-iOSPHEREo THE RESEARCH- HAS APPLICATION TO THE MANNED
AND UNMANNED EXPLORATION OF THE MARTIAN SURFACE, SINCE IT DEFINES THE
ELECTRICAL ENVIRONMENT IN WHICH SYSTEMS OPERATE. IT HAS APPLICATION
TO METEOROLOGY IN THAT POSITIVE IONS FOUND IN THE MESOSPHERE CAN BE
UTILIZED AS TRACERS TO DETERMINE FACTORS INVOLVED IN LARGE SCALE
CIRCULATION AND INTERACTION BETWEEN THE STRATOSPHERE AND MESOSPHERE~
RTOP NO~ 185-47-61 TITLE: SPECTROSCOPY OF PLANETARY ATMOSPHERES
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: HUDSON g R~ D. TELe 713-483-6234
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE q BY INFRARED AND
ULTRAVIOLET SPECTROMETRIC TECHNIQUES, BOTH IN THE LABORATORY OR BY
MEANS OF SOUNDING ROCKET PROBES, GROUND BASED TELESCOPES, HIGH
ALTITUDE AIRCRAFT, OR SPACE VEHICLE PLATFORMS, FUNDAMENTAL DATA,
WHICH CAN BE USED TODEVELOP ANDEXPLORE THE FEASIBILITY OF SPACE
FLIGHT EXPERIMENTS FOR THE DETERMINATION OF THE TEMPERATURE AND
COMPOSITION OF PLANETARY ATMOSPHERESo THIS WILL BE ACHIEVED BY (1)
LABORATORY STUDIES OF THE ABSORPTION OF ULTRAVIOLET LIGHT BY
ATMOSPHERIC GASES AT HIGH RESOLUTION g (2) LABORATORY STUDIES OF THE
CHEMICAL REACTIONS THAT LEAD TO THE PRODUCTION OF AIRGLOW Q (3) USING
ROCKET PROBES~ HIGH ALTITUDE AIRCRAFT, AND SPACE PLATFORMS TO STUDY
ATMOSPHERIC COMPOSITION, TEMPERATURE£, DISSOCIATION RATES ANDAIRGLOW,
AND (4) TELESCOPE STUDIES OF THE ATMOSPHERES OF MERCURY, VENUS, MARS,
JpPITER, AND SATURN, IN THE INFRARED AT HIGH SPECTRAL RESOLUTION.
RTOP NO. 185-47-66 TITLE: ATMOSPHERIC CHEMICAL PHYSICS - RESEARCH
STUDIES OF PROCESSES IN PLANETARY
ATMOSPHERES Q COMETS£, AND INTERSTELLAR
SPACE '
ORGANIZATION~ ~MES RESEARCH CENTER _
MONITOR: GOODWIN, GLEN TELa 415-961-2265
TECHNICAL SUMMARY
TO DETERMINE PRODUCTS, RATES£, AND YIELDS OF ENERGY TRANSFER
REACTIONS OCCURRING IN PLANETARY ATMOSPHERES, COMETS£, AND
INTERSTELLAR SPACE. SOLAR AND GALACTIC RADIATIONS INTERACT WITH THE
CONSTITUENTS OF PLANETARY ATMOSPHERES g COMETS, AND INTE RSTELL ARSPACE
TO PRODUCE EXCITED AND IONIZED SPECIES AND FREE RADICALS, WHICH
SUBSEQUENTLY REACT TO FORM OTHER IONIZED AND EXCITED SPECIES q AND/OR
NEUTRAL UNEXCIrED SPECI~Sc AND/OR RERADIATE SPECTRAL ENERGY.REGARDING
THE NATURE OF PLANETARY ATMOSPHERES c PLANTARY! ATMOSPHERES, COME~S,
AND INTERSTELLAR MATTER CAN BE OBTAINED FROM INVESTIGATION OF ENERGY
TRANSFER REACTIONS UNDER WELL-DEFINED CONDITIONS. EXPERIMENTAL
EFFORTS WILL BE DIRECTED TOWARD THE DETERMINATION OF RATE
COEFFICIENTS OF VARIOUS REACTIONS AND EXCITATION PROCESSES AND
SPECTRAL ENERGY DISTRIBUTIONS OF RADIATIVE PROCESSES. INITIAL
INVESTIGATIONS WILL BE CONCERNED WITH A STUDY OF THESE PHENOMENA IN
C02-RICH ATMOSPHERES. AFTERGLOW AND PHOTOCHEMICAL TECHNIQUES WILL BE
USED IN THESE INVESTIGATIONS; RATES AND PRODUCTS WILL BE DETERMINED
USING OPTICAL AND MASS SPECTRCMETRIC TECHNIQUES~
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RTO~ NO. 185-47-67 TITLE: STRUCTURE OF PLANETARY ATMOSPHERES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN g GLEN TEL. 415-961-2265
TECHNICAL SUMMARY
THE GOAL OF OBSERVATIONS, LABORATORY MEASUREMENTS, AND
THEORETICAL INVESTIGATIONS OF PLANETARY ATMOSPHERES IS TO DEVELOP
DESCRIPTIVE AND PREDICTIVE MODELS. THE MODELS ARE USEFUL FORBOTH
GEOPHYSICAL RESEARCH FOR THE DESIGN OF SPACECRAFT AND SYSTEMS FOR
PLANETARY EXPLJRATION. THE OBJECTIVE OF THIS WORK IS THE PREPARATION
OF SUCH MODELS IN ORDER TO EXPLAIN THE EVOLUTION g STRUCTURE AND
MAINTENANCE OF PLANETARY ATMOSPHERES. TO THIS END, ALL PERTINENT
THEORY, LABORArORY MEASUREMENTS, OBSERVATIONS AND MODELS ARE USED;
THERMODYNAMICS OF EVOLVING PLANETS, PHOTOCHEMISTRY AND KINETICS OF
ATMOSPHERIC GASES, AND TRANSPORT PROCESSES IN ATMOSPHERES ARE
CONSIDERED.
RTOP NO. 185-47~68 TITLE: PLANETARY ATMOSPHERES - STRUCTURE AND
CO~POSITION
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: ~OODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
EXPLORATORY MISSIONS TO THE OTHER PLANETS WILL EMPLOY
ATMOSPHERE-ENTRY PROBES FOR THE PURPOSE OF MAKING OBSERVATIO~S OF THE
CHARACTERISTICS OF THE ATMOSPHERE DURING DESCENT AS WELL AS FROM THE
SURFACE. COMPREHENSIVE STUDIES HAVE RESULTED IN THE DEFINITION OF
MEASUREMENT TECHNIQUES AND INSTRUMENTATION SUITABLE FOR A MARS
ATMOSPHERE ENTRY. SUCH INSTRUMENTATION WILL BE PART OF THE 1975
VIKIN~ MISSION PAYLOAD. THE PLANETARY ATMOSPHERE EXPERIMENTS TEST,
SUPPORTED IN PART BY _THIS RTOPv'IS BEING PERFORMED TO DEMONSTRATE
AND CONFIRM IN THE EARTH¥S ATMOSPHERE THE SOUNDNESS OF THIS CONCEPT.
UPON SUCCESSFUL COMPLETION OF THE LAUNCH, SCHEDULED FOR JUNE 1971,
FLIGHT DATA WILL BE ANALYZED TO EVALUATE THE PERFORMANCE OF THE
ONBOARD INSTRUMENTATION. STUDIES WILL ALSO BE PERFORMED AS NEEDED IN
RESPONSE TO REQUESTS OF THE _VIKING PROJECT ENTRY SCIENCE TEAM~ TO
EVALUATE EFFECTS OF PROPOSED CHANGES OR TO DEVELOP"NEW APPROACHES TO
PLANNED EXPERIMENTS FOR THE LANDER VEHICLES. FURTHER STUDIES WILL BE
MADE TO DETERMINE IMPLEMENTATION REQUIREMENTS OF THESE OR SIMILAR
EXPERIMENTS FOR ENTRY INTO VENUS AND JUPITER.
RTOP NO. 185-47-71 TITLE~ ATMOSPHERIC EXPERIMENT DEVELOPMENT
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM¥ D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS TO DEFINE IN DETAIL THE KEY
INVESTIGATIONS TO BE CONDUCTED IN STUDYING THE ATMOSPHERES OF THE
PLANETS, IN _P~RTICULAR VENUS, JUPITER AND SATURN. THE RESULTS OF
THE WORK WILL _BE THE DEFINITION AND RECOMMENDATION OF CONCEPTS TO BE
DEVELOPED FOR BOTH SPACE FLIGHT AND GROUND-BASED EXPERIMENTS TO
SUPPORT THESE INVESTIGATIONS. THEORETICAL AND LABORATORY STUDIES
WILL BE CARRIED OUT IN TWO MAIN AREAS: 1. NUMERICAL STUDIES TO
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DEVELOP METHODS FOR THE INTERPRETATION OF BOTH SPECTRAL AND BEOADBAND
RADIOMETRIC DATA IN THE _SPECIAL CASE OF INHOMOGENEOUS SCATTERING
ATMOSPHERES. 2e LABORATORY EyALUATION OF INSTRUMENTAL CONCEPTS
WHICH EVOLVE FROM THE STUDYo
RTOP NOo 185-47-72 TITLE: THEORETICAL STUDY - PLANETARY ATMOSPHERES
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. Pe TELa 213-354-3028
TECHNICAL SUMMARY
A PROGRAM OF EXPERIMENTAL AND THEORETICAL STUDIES RELATED TO
PLANETARY ATMOSPHERES WILL BE CONDUCTED WITH THE OBJECTIVES OF ADDING
TO _OUR UNDERSrANVING OF THE PROPERTIES OF PLANETARY ATMOSPHERES g
APPLYING THE FINDINGS TO THE DESIGN OF BOTH GROUND BASED AND
SPACECRAFT EXPERIMENTS, AND INTERPRETING THE DATA OBTAINED FROM THESE
AS WELL AS OTHER OBSERVATIONS. THIS PROGRAM CONTRIBUTES TO THE NASA
PLANETARY MISSIONS BOTH IN ITS DIRECT RESEARCH ACCOMPLISHMENTS
RELEVANT TO PLANETARY ATMOSPHERE SCIENCE, AND ALSO IN THE
CONTRIBUTIONS OF ITS STAFF OF SPECIALISTS TO THE DEFINITION OF
SCIENTIFIC OBJECTIVES AND EVALUATION OF SPECIFIC EXPERIMENT
ALTERNATIVES FOR PLANETARY FLIGHT PROJECTS. THE STUDIES TO BE
CONDUCTED IN FY'72 PERTAIN TO: 10_ PHOTOCHEMISTRY OF PLANETARY
ATMOSPHERES~ B. RADIATION TRANSPORT THEORY AND THE THEO~Y OF
SPECTRAL LINE FORMATION. C. MICROWAVE SPECTRAL STUDIES OF PLANETARY
ATMOSPHERES. D. ATMOSPHERIC EVOLUTION. E. ELECTRON GOLLISIONS WITH
MOLECULES AND ATOMS IN PLANETARY ATMOSPHERES.
RTOP NO. 185-47-80 TITLE: EXPERIMENT DEVELOPMENT
ORGANIZATION: NASA HEADQUARTERS
MONITOR: FELLOWS, Re F.
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP THE INSTRUMENTATION CAPABILITY
REQUIRED FOR SPACE-CRAFT EXPLORATION AND STUDY OF PLANETARY
ATMOSPHERES AND COMETARY GASES. NEW CONCEPT~ WILL BE SOUGHT AND
EVALUATED u AND KNOWN TECHNIQUES AND INSTRUMENTS WILL BE MODIFIED AND
DEVELOPED FOR SPECIALIZED APPLICATION. STUDIES ESSENTIAL TV
UNDERSTANDING THE RESPONSE AND BEHAVIOR CHARACTERISTICS OF SENSORS
AND INSTRUMENTS WILL BE CONDUCTED o EMPHASIS IS BEING PLACED eN TWO
AREAS OF DEVELOPMENT: (1) SPECIALIZED SENSORS AND INSTRUMENTS
REQUIRED FOR INVESTIGATION OF THE LOWER ATMOSPHERE AND CLOUD
PHENOMENA OF VENUS BY ENTRY PROBES~ (2) INSTRUMENTATION AND
EXPERIMENTS REQUIRED FOR INVESTIGATIONS OF THE ATMOSPHERES OF THE
OUTER PLANETS FROM FLY-BY AND ORBITER SPACECRAFT.
RTOP NO. 185-47-81 TITLE: THEORY -AND,MODELS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: FELLOWS, R. F. TEL. 202-962~1861
TECHNICAL SUMMARY
THE OBJECTIVE IS TO FOSTER AND TO DEVELOP A BROAD BASE OF THEORY
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EXPLAINING THE PHENOMENA OF PLANETARY ATMOSPHERES INCLUDING THEIR
ORIGINS, EVOLUfIONS, PRESENT STATES, AND FUTURE HISTORY. THEORETICAL
MODELS OF THE ATMOSPHERES OF THE PLAN~TS ARE DERIVED, MODIFIED,
CRITIQUED, AND IMPROVED ON A CONTINUOUS BASIS USING THE FUNDAMENTAL
PRINCIPLES OF PHYSICS AND CHEMISTRY SUPPLEMENTED BY THE HOST CURRENT
INFORMATION OBrAINED FROM FLIGHT EXPERIMENTS, LABORATORY RESEARCH,
AND ASTRONOMICAL OBSERVATIONS.
RTOP NO. 185-47-82 TITLE: ATMOSPHERIC CHEMISTRY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: FELLOWS, R. F. TEL. 202-962-1861
TECHNICAL SUMMARY
THE OBJECTIVE IS TO SUPPORT A BROAD BASED PROGRAM OF LABORATORY
INVESTIGATIONS DIRECTED AT OBTAINING DATA ESSENTIAL TO THE ANALYSIS
OF FLIGHT EXPERIMENTS AND THE DEVELOPMENT OF NEW AND IMPROVED
THEORIES AND EXPLANATIONS OF ATMOSPHERIC CHEMICAL PROCESSES.
RESEARCH INCLUDED UNDER THIS PROGRAM INCLUDES INVESTIGATIONS OF
CHEMICAL KINETICS, PHOTOCHEMISTRY, REACTION MECHANISMS,
IDENTIFICATION OF INTERMEDIATES AND META-STABLE REACTION SPECIES,
COLLISION PROCESSES AND OTHER PHENOMENA CONNECTED WITH THE
INTERCHANGE OF ENERGY BETWEEN PHOTONS, ATOMS, IONS, MOLECULES AND THE
INTERACTION OF SUCH SPECIES WITH ELECTROMAGNETIC RADIATION.
RTOP NO. 185-47-83 TITLE: SPECTROSCOPIC INVESTIGATIONS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: FELLOWS, R. F. TEL. 202-962-1861
TECHNICAL SUMMARY
RESEARCH CJNDUCTED UNDER THIS RTOP INCLUDES SPECTROSCOPIC,
PHOTOMETRIC, AND RADIOMETRIC INVESTIGATIONS OF PLANETARY ATMOSPHERES
AND COMETS, AND OF THEIR COMPCNENTS g FOR THE PURPOSE OF OBTAINING
INFORMATION AB~UT COMPOSITION w STRUCTURE, AND REACTIONS. THIS
INFORMATION IS REQUIRED FOR THE DESIGN AND DEVELOPMENT OF FLIGHT
EXPERIMENTS AND FOR THE INTERPRETATION OF DATA OBTAINED BY FLIGHT
EXPERIMENTS. LABORATORY INVESTIGATION AND THEORETICAL STUDIES
CONCERNED WITH THE INTERACTION OF ELECTROMAGNETIC RADIATION AND THE
COMPONENTS OF PLANETARY ATMOSPHER~S ARE PURSUED WITH THE OBJECTIVE OF
OBTAINING INFORMATION ABOUT COMPOSITION, DENSITY, TEMPERATURE OR
OTHER PHYSICAL OR CHEMICAL CHARACTERISTICS. THE MAJORITY OF TASKS
ARE CONCERNED WITH INFRARED AND ULTRAVIOLET SPECTROSCOPIC STUDIES OF
GASEOUS SPECIES ALTHOUGH EXPLCRATORY STUDIES TO DEFINE THE POTENTIAL
OF MICROWAVE TECHNIQUES ARE ALSO INCLUDED. TASKS ALSO INCLUDE WORK
DIRECTED AT UNDERSTANDING AURORAL AND AIRGLOW EMISSIONS SINCE
SPECTROSCOPIC SCRUTINY OF THESE NATURAL PROCESSES OFFER STRONG CLUES
TO THE COMPOSlrION AND CHARACTERISTICS OF THE ATOMIC AND MOLECULAR
SPECIES INVOLVED.
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RTOP NO. 185-47-84 TITLE: CHEMISTRY OF THE OUTER PLANETS AND COMETS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: FELLOWS, R. F. TELo 202-962-1861
TECHNICAL SUMMARY
THE OBJECTIVE OF THE RESEARCH CONDUCTED UNDER THIS RTOP IS TO
OBTAIN IN THE LABORATORY w INFORMATION REQUIRED FOR THE INTERPRETATION
OF DATA PERTAINING TO THE OUTER PLANETS AND COMETS. THE RESEARCH
TASKS INCLUDED IN THIS PROGRAM ARE CONCERNEP WITH DETERMINING THE
PHYSICAL AND CHEMICAL PROPERTIES OF LOW MOLECULAR WEIGHT MOLECULES,
FREE RADICALS AND OTHER SPECIES STABLE AT CRYOGENIC TEMPERATURES THAT
ARE LIKELY TO BE PRESENT IN COMETS OR THE ATMOSPHERES OF THE OUTER
PLANETS.IN ADDITION TO LABORATORY INVESTIGATIONS w ~HEORETICAL
INVESTIGATIONS ARE ALSO PERFORMED IN WHICH MODEL ATMOSPHERES ARE
CONSTRUCTED FRJMCONSIDERATIONS OF THE EQUILIBRIA RESULTING FROM
APPLYING CHEMI:AL REACTION AND THERMODYNAMIC THEORY TO AN ASSUMED
ASSEMBLAGE OF ATOMS UNDER PRIMEVAL CONDITIONS (I.E., SOLAR OR.COSMIC
ABUNDANCES, AND A THEORY OF PLANETARY EVOLUTION).
RTOP NO. 185-47-91 TITLE: PLANETARY ATMOSPHERIC PROCESSES AND
MEASUREMENTS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE PURPOSE OF THIS PROGRAM IS TO STUDY PLANETARY ATMOSPHERIC
PROPERTIES AND PROCESSES AND TO IMPROVE THE INTERPRETATION OF
ATMOSPHERIC MEASUREMENTS BY MEANS OF LABOR~TORY SIMULATIONS OF THE
ATMOSPHERIC PR~CESSES AND PROPERTIES~ SUCH AS CONDENSATION,
SUBLIMATION, AND HEAT TRANSFER IN THE MARTIAN ATMOSPHERE, AND BY
CONCURRENT THE~RETICAL STUDIES OF THESE PROPERTIES AND PROCESSES.
EXISTING LANGLEY RESEARCH CENTER FACILITIES WILL BE UTILIZED WITH
ADDITIONAL EQUIPMENT AND INSTRUMENTATION ADDED AS REQUIRED. THE
VERTICAL DISTRIBUTION OF OZONE AND PERHAPS OTHER TRACE GASES IN
EARTH'S ATMOSPHERE WILL BE DETERMINED BY SPECTROPHOTOMETRY OF SOLAR
RADIATION REFLECTED FROM SATELLITES DURING SOLAR OCCULTATION WITH
RESPECT TO THE SATELLITES.
RTOP NO. 185-47-94 TITLE: EXPERIMENTAL AND THEORETICAL STUDIES OF
PLANETARY ATMOSPHERES
ORGANIZATION: NASA, WALLOPS STATION
MONITOR: HOLLAND, A. TEL. 703-824-3411
TECHNICAL SUMMARY
AN INTEGRATED EXPERIMENTAL AND THEORETICAL STUDY AIMED AT
IMPROVING OUR UNDERSTANDING OF THE OPTICAL PROPERTXES OF PLANETARY
ATMOSPHERES IN~LUDING THE EFFECT OF AEROSOLS ON SLANT PATH VISIBILITY
THROUGH THE AT~OSPHERE. SPECIAL EMPHASIS WILL BE PLACED ON (1)
DEVELOPING AND IMPROVING MODEL ATMOSPHERES FOR USE IN REMOTE SENSING,
(2} DEVELOPMENf OF INSTRUMENTATION FOR MEASURING OPTICAL PARAMETERS
OF THE ATMOSPHERES. (3) IMPROVING EXISTING THEORETICAL MODELS OF
RADIATIVE TRANSFER THROUGH THE ATMOSPHERES CONTAINING SIGNIFICANT
AMOUNTS OF PARTICULATE MATTER (I.E. HAZE, DUST, ICE CRYSTALS, FOG
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DROP~ETS) •
RTOP NO. 185-50-50 TITLE: GEOPHYSICAL PROCESSES RELATED TO ORGIN
AND EVOLUTION OF THE PLANETS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: WALTER, L. S. TEL. 301-982-2282
TECHNICAL SUMMARY
THE BASIC PURPOSE OF THIS RESEARCH WILL BE TWOFOLD: A) TO
DEVELOP AND EVALUATE THEORIES CONCERNING TH~ COMPOSITION AND
STRUCTURE OF THE PLANETS - ESPECIALLY MARS, VENUS AND THE EARTB. B)
TO CONCEIVE DEFINITIVE FLIGHT EXPERIMENTS WHICH WOULD SERVE TO
ESTABLISH THE VALIDITY OR DISPROVE THE THEORIES. THE SEVERAL
SEGMENTS UNDER THIS RESEARCH PLAN PERTAIN TO A BROAD VARIETY OF
DISCIPLINES: A) PETROLOGY AND IMPACT STUDIES B) CHEMICAL C}
ASTRONOMtCAL D) PLANETARY BODY STUDIES A GREAT DEAL OF INFORMATION
BASIC TO OUR UNDERSTANDING OF THE PLANETS HAS BEEN AND WILL BE
RETURNED FROM SPACECRAFT.
RTOP NO. 185-50-60 TITLE: PLANETOLOGY - GEOMORPHOLOGY AND SURFACE
PROCESSES OF PLANETARY BODIES
ORGANIZATION: hMES RESEARCH CENTER _
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
M~RINERS IV, VI, VII SHOWED THAT PARTS OF THE MARTIAN SURFACE
ARE CRATERS SIMILAR TO THE MOON BUT THE MORPHOLOGY OF THE CRATERS IS
DIFFERENT. FURfHERMORE, MARS HAS TERRAIN TYPES TOTALLY UNLIKE THE
MOON. THESE DIFFERENCES CAN BE ATTRIBUTED PARTLY TO: 1) DIFFERENT
PRIMARY STRUCTURES AND PROVINCES WHICH POSSIBLY RESULTED FROM
DIFFERENT EVOLUTIONARY HISTORIES, AND 2) DIFFERENT EROSIVE AGENTS
RESULTING FROM DIFFERENT PLANETARY ENVIRONMENTS. EOLIAN PROCESSES,
FOR EXAMPLE, ARE ABSENT ON THE MOON BUT PROBABLY ARE VERY SIGNIFICANT
ON MARS. SIMILAR DIFFERENCES MAY BE EXPECTED FOR MERCURY, VENUS, AND
THE GALILEAN SATELLITES OF JUPITER. THE OBJECTIVE pF THIS PROGRAM IS
TO CONSIDER THE EXISTENCE OF lIKELY PLANETARY SURFACE FEATURES AND TO
DETERMINE THEIR GEOMORPHIC CONFIGURATION, AND SECONDLY, TO ACCESS THE
EFFECTIVENESS JF VARIOUS EROSIVE AGENTS ON SPECIFIC GEOMORPHIC
FEATURES IN INDIVIDUAL PLANETARY ENVIRONMENTS. VARIOUS GEOMORPHIC
FEATURES OF PLANETARY AND SATELLITE SURFACES WILL BE STUDIED AS
PHOTOGRAPHS BECOME AVAILABLE. BECAUSE 'IMPACT CRATERS ARE ONE FEATURE
COMMON TO ALL SURFACES, SIZE FREQUENCY DISTRIBUTIONS AND MORPHOLOGIC
TYPES OF CRATERS ON EACH SURFACE WILL BE DETERMINED TO MAKE INFERENCE
REGARDING THE GEOLOGIC HISTORIES OF THOSE SURFACES AND TO MAKE
COMPARISONS BEfWEEN SURFACES~ MODELS OF METEOROID BOMBARDMENT WILL
BE EXTENDED AND REFINEDo ADDITIONALLY, GEOMORPHIC PROVINCES WILL BE
OUTLINED AND THEIR ORIGINS INTERPRETED IN THE LIGHT OF EXISTING
KNOWLEDGE OF SURFACE ROCK COMPOSITION AND WITH THE AID OF TERRESTRIAL
ANALOGS, CONSIDERING THE EFFECTS OF MODIFICATION BY EROSIVE AGENCIES
PECULIAR TO EACH PLANET.
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RTOP NO. 185-50-61 TITLE: PLANETARY MAGNETISM
ORGANIZATION: AMES RESEARCH CENTER _
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO CONTINUE STUDIES INVOLVING
MAGNETIC FIELDS DURING THE FORMATION OF THE SOLAR SYSTEM. MAGNETIC
FIELDS ARE INVJLVED IN THE ESTABLISHMENT OF PERMANENT ~AGNETISM AS
FOUND ON APOLLO. THESE FIELDS SERVE AS A TRACER IN ESTABLISHING THE
EARLY PHYSICAL PARAMETERS OF THE SUN AND THE PLANETS. THE EARLY
SOLAR FIELD CAN ALSO BE IMPOR~ANT IN THE THERMAL EVOLUTION OF THE
PLANETS. THE PRESENT EVIDENCE SUGGESTS THAT FOSSIL NUCLIDES WERE NOT
IMPORTANT IN THE HEATING CYCLE, LEAVING ELECTRICAL HEATING AS THE
MAJOR POSSIBLE SOURCE. ONE FeRM OF THIS TYPE OF HEATING HAS BEEN
PROGRAMMED FOR COMPUTATION. THE REMAINING TYPE DUE TO THE
INTERPLANETARY ELECTRICAL FIELD IS REQUIRED, AND OTHER PARTIAL
SOURCES SUCH AS ACCRETION AND RADIONUCLIDES ARE TO BE INCLUDED IN AN
ALL ENCOMPASSING COMPUTER ROUTINE WHICH WILL GIVE THE MOST GENERAL
THERMAL HISTORY.
RTOP NO. 185-50-71 TITLE: PLANETOLOGY STUDIES
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
A PROGRAM OF THEORETICAL AND EXPERIMENTAL PLANETOLOGY WILL BE
CONDUCTED WITH THE OBJECTIVES OF CONTRIBUTING TO THE UNDERSTANDING OF
BASIC ATMOSPHERIC, SURFACE, AND SUBSURFACE PRDPERTIES OF THE PLANETS;
AND OF APPLYING T~E RESULTS TO THE DESIGN OF EXPERIMENTS AND THE
INTERPRETATION OF DATA FROM EXPERIMENTS ON UNMANNED FLYBY, ORBITING
AND LANDED SPACECRAFT. THIS PROGRAM IS INTENDED TO CONTRIBUTE
SPECIFICALLY TO NASA PLANETARY MISSIONS IN THAT 1) THE RESEARCH
TOPICS ARE DIRECTLY RELEVANT TO PLANETARY SCIENCE, 2) THE STAFF OF
SPECIALISTS INVOLVED ALSO CONTRIBUTE TO THE DEFINITION OF SCIENTIFIC
OBJECTIVES AND RATIONALE FOR PLANETARY MISSIONS, AND 3) ANALYTICAL
INSTRUMENTS BEING DEVELOPED MAY BE USED FOR SURFACE MEASUREMENTS ON
PLANETS BY FUTURE UNMANNED MISSIONSc THE STUDIES TO BE CONDUCTED IN
FY'72 PERTAIN ro: 1. SURFACE ANALYSIS BY COMBINED ALPHA-SCATTERING
X~RAY FLUORESCENCE. 2e PROPERTIES OF METALLIC HYDROGEN e 3e
OPTICAL PROPERrIES OF SURFACE AND POSSIBLE ATMOSPHERIC MATERIALS. 4.
SURVEY AND SAMPLE ANALYSIS BY COMBINED SCANNING ELECTRON MICROSCOPE
AND X~RAY ANALYZER.
RTOP NOe 185-50-81 TITLE: PLANETARY GEOSCIENCE STU~IES
ORGANIZATION: NASA HEADQUARTERS
MONITOR: DWORNIK, S. E. TEL. 202-962-1151
TECHNICAL SUMMARY
PLANETARY ~EOSCIENCE STUDIES IS A'PROGRAM ENCOMPASSING GEOLOGY,
GEOCHEMISTRY, GEOPHYS AND SOIL PHYSICS WHICH HAS THE BROAD OBJECTIVE
OF UNDERSTANDING THE GENESIS, DISTRIBUTION, COMPOSITION AND
INTER-RELATIONSHIPS OF THE CONDENSED MATTER IN PLANETS AND THEIR
SATELLITES, COMETS v ASTEROIDS, AND OTHER SOLID MATERIALS IN THE SOLAR
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SYSTEM. THE GEOLOGY OF THE PLANETS BEARS DIRECTLY ON THREE BASIC
AIMS OF LUNAR AND PLANETARY EXPLORATION: DETERMINATION OF THE ORIGIN
AND EVOLUTION )F THE SOLAR SYSTEM; DETERMINATION OF THE ORIGIN AND
EVOLUTION OF LIFE; AND CLARIFICATION OF THE NATURE OF THE PROCESSES
SHAPING MANtiS rERRESTRIAL ENVIRONMENT (NATIONAL ACADEMY OF SCIENCES,
1966). IN ORDER TO MEET THESE OBJECTIVES, IT IS NECESSARY TO PERFORM
THEORETICAL AN~LYSIS, INSTRUMENT DEVELOPMENT AND SPACECRAFT
EXPERIMENTS THAT LEAD TO UNDERSTANDING THE NATURE AND PROPERTIES OF
THE SURFACE, REGOLITH, CRUST AND COBE. THIS KNOWLEDGE WILL LEAD TO
AN UNDERSTANDING OF INDIVIDUAL PLANETS; THE ORIGIN OF THE SOLAR
SYSTEM; PLANET~RY PHYSICAL AND CHEMICAL PROPERTIES INTERACTIONS
BETWEEN THE ATMOSPHERE AND LITHOSPHERE INTERACTIONS OF THE FLUX OF
INTERPLANETARY PARTICLES AND FIELDS WITH PLANETARY BODIES AND WILL
ALSO AID IN THE DISCOVERY AND UNDERSTANDING OF THE ORIGIN OF
EXTRATERRESTRIAL LIFE. ONE IMPORTANT RESULT OF GEOLOGICAL
EXPLORATION OF THE PLANETS WILL BE INCREASED KNOWLEDGE OF THE EARTH.
VERY LITTLE IS KNOWN OF THE FIRST 2 BILLION YEARS OF THE EARTH'S
HISTORY. MARS, MERCURY, AND THE MOON ON THE OTHER HAND, HAVE NO
OCEANS, AND THE EROSIVE EFFECTS OF WATER ARE, THEREFORE. VIRTUALLY
ABSENT. THEORETICAL MODELING, LABORATORYTERRESTRIAL ANALOGUES FOR
COMPARATIVE FIELD----
RTOP NO. 186-68-50 TITLE: ADVANCED SYSTEM TECHNOLOGY/THERMOELECTRIC
OUTER PLANET SPACECRAFT
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: ~CDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE OBJECTIVES OF THE THERMOELECTRIC OUTER PLANET SPACECRAFT
(TOPS) PROJECT ARE TO PERFORM DESIGN AND DEVELOPMENTAL TESTING OF AN
OUTER PLANET SPACECRAFT SYSTEM g AND SELECTED SUBSYSTEMS AND
SUBASSEMBLIES USING TECHNOLOGIES CRITICAL TO THE OUTER PLANET
MISSIONS. THE TOPS _PROJECT WILL CONTINUE TO INVESTIGATE THE
INTERACTIONS OF THE SUBSYSTEMS (SCIENCE AND ENGINEERING) IN THE
INTEGRATED SYSTEM CONSIDERING THE SIGNIFICANT AND NEW ENVIRONMENTS SO
THAT REALISTIC PERFORMANCE, TESTING AND RELIABILITY FOR LONG-LIFE CAN
BE ASSESSED AND ASSOCIATED COST ESTIMATES CAN BE MADE. ADVANCED
SYSTEM TECHNOLJGY WILL BE USED IN SYSTEM AND DETAILED DESIGN OF THE
SPA:ECRAFT AND DEVELOPMENTAL TESTING WILL BE PERFORMED ON SELECTED
HARDWARE. THE TOPS RESULTS WILL BE USED AS AN AID IN ESTABLISHING
OUTER PLANET GRAND TOUR PRE-PROJECT REQUIREMENTS. MISSION
REQUIREMENTS WILL BE DEVELOPED TO SUPPORT OPGT _PRE-PROJECT PLANNING.
IN ADDITION, SYSTEM TEST AND DESIGN LIAISON REQUIREMENTS WILL BE
STUDIED; AND, IN SUPPORT OF MISSION STUDIES, TOPS NAVIGATION
TECHNIQUES WILL BE DEVELOPED. SCIENCE INTEGRATION WORK WILL CONTINUE
BY INTEGRATING THE SSG PAYLOAD ON TOPS. NEW ENVIRONMENTAL DESIGN
RESTRAINTS AND TEST REQUIREMENTS WILL BE ESTABLISHED FOR THE
SPACECRAFT SYSTEM AND SUBSYSTEMS. THE APPROACH WILL BE TO
INVESTIGATE 1) THE DESIGN OF A COMPLETE SPACECRAFT .. 2) S/C-RTG
INTEGRATION PROBLEMS, 3) CRITICAL MISSION REQUIREMENTS AND
234
OPERATIONS, 4) RELIABILITY, AND 5) SELECTED SCIENCE PAYLOADS.
ELEMENTS OF SELECTED SUBSYSTEMS AND SEL~CTED BREADBOARDS FOR
FUNCTIONAL SIMULATION WILL BE FABRICATED AND INTEGRATED TO EXPLORE
FEASIBILITY OF DESIGN AND COMPATIBILITYQ A FINAL REPORT ON THE TOPS
EFFORT WILL BE PREPARED WITH EMPHASIS ON 1) SIC SYSTEM
RTOP NO. 186~68-51 TITLE: HEAT SHIELD EVALUATION FOR JUPITER PROBE
MISSIONS
ORGA NIZ ATION: AMES RE SEARCH CENTE R __ _
MONITOR~ GOODWIN, G. TEL¢ 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP THE HEAT-PROTECTION TECHNOLOGY SO
THAT HEAT-PROTECTION SYSTEMS FOR UNMANNED PROBES ENTERING THE
ATMOSPHERE OF JUPITER CAN BE DESIGNED WITH A MINIMUM WEIGHT e THUS,
MAXIMIZING THE SCIENTIFIC PAYLOAD CAPABILITY. CANDIDATE HEAT SHIELD
MATERIALS WILL BE SELECTED, SCREENED, AND TESTED UNDER CONDITIONS
THAT SIMULATE rHE HIGH HEATING RATES TYPICAL OF THOSE TO BE EXPECTED
AT JOVIAN ENTRY VELOCITIES OF 50 KM/SEC. THE TESTS WILL BE CONDUCTED
IN ELECTRIC-ARC-HEATED STREAMS AND HIGH-INTENSITY ARGON ARC AND LASER
RADIATION FLUXES BOTH SINGLY AND IN COMBINATION. ANALYTICAL
TECHN~QUES FOR PREDICTING THE CHARACTERISTICS OF THE HEAT-SHIELD
MATERIALS WILL BE DEVELOPED CONCURRENTLY WITH THE EXPERIMENTS¢ THE
DEVELOPMENT OF A PULSED CONSTRICTED-ARC FACILITY CAPABLE OF
DUPLICATING JUPITER ENTRY HEATING CONDITIONS WILL CONTINUE. THIS
TECHNOLOGY IS REQUIRED TO PERMIT THE DESIGN OF HEAT PROTECTION
SYSTEMS FOR UNMANNED PROBES ENTERING PLANETARY ATMOSPHERES AT
VELOCITIES OF 50 KM/SEC. -
RTOP NO. 186-68-52 TITLE: SCIENCE SUBSYSTEM TECHNOLOGY FOR OUTER
PLANET MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY.
MONITOR: MCDONALD, R. R. TEL" 213-354~6186
TECHNICAL SUMMARY
IN ORDER TJ PREPARE FOR THE TECHNICALLY CHALLENGING MISSIONS TO
THE OUTER PLANETS PLANNED FOR THE LATE 1970'S, IT IS NECESSARY TO GET
_AN EARLY START ON THE SOLUTION OF THE ANTICIPATED DIFFICULT OUTER
PLANETS SCIENCE SYSTEMS PROBLEMS. AMONG THE OUTSTANDING PROBLEMS
ARE: 1) TO DEFINE IMAGING EXPERIMENTS AND IMAGING SYSTEM FUNCTIONAL
REQUIREMENTS FJR THESE MISSIONS IN ORDER TO ENSURE THAT A SUITABLE
IMAGING SYSTEM WILL BE DEVELOPED IN TIME FOR SUCH MISSIONS AND 2) TO
PRESERVE THE INTEGRITY OF THE SCIENTIFIC MEASUREMENTS BY DEVELOPING
APPROPRIATE TECHNIQUES TO REDUCE THE EFFECTS OF RADIATIONS FROM
ON-BOARD RTGS AND NATURAL RADIATION SOURCES, SUCH AS THE INTENSE
JOVIAN RADIATIJN BELTS, To TOLERABLE LEVELS. BY MEANS OF IN-HOUSE
STUDIES AND CONTACTS WITH OUTSIDE SCIENTISTS, IMAGING SCIENCE
OBJECTIVES WILL BE GENERATED, AND KEPT CURRENT. THESE WILL BE USED TO
DERIVE OUTER PLANETS IMAGING SYSTEM FUNCTIONAL REQUIREMENTS AND TO
DEVELOP BASELINE IMAGING _SYSTEM DESIGNS. NEW IMAGING SENSORS WILL
BE EVALUATED FJR APPLICABILITY IN THE IMAGE SYSTEM DESIGN. A STUDY
OF RADIATION TJLERANCES OF VARIOUS INSTRUMENTS IS BEING PERFORMED.
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PARTICULARLY SENSITIVE COMPONENTS ARE STUDIED ANALYTICALLY,
EXPERIMENTALLY AND BY MEANS OF PREVIOUSLY PUBLISHED DATA. MEANS ARE
THEN DEVISED TJ REDUCE THE NATURAL AND RTG RADIATION EFFECTS BY
TECHNIQUES SUCH AS SHIELDING, ORIENTATION, LOCATION, ELECTRONIC
DISCRIMINATION AND USE OF ALTERNATE COMPONENTS.
RTOP NOe 186-68-53 TITLE: TELECOMMUNICATIONS TECHNOLOGY FOR OUTER
PLANET MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY ..
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE OVERALL .OBJECTIVE OF THIS AC~IVITY IS TO DEVELOP THE
TELECOMMUNICATIONS TECHNOLOGY NECESSARY TG PERFORM MISSIONS TO THE
OUTER PLANETS IN A RELIABLE AND tOST-EFFECTIVE MANNER. THE
COMMUNICATION RANGE FOR THESE MISSIONS INCREASES FROM ABOUT 1 AU FOR
MARS UP TO 31 AU FOR NEPTUNE. FURTHERMORE, THE MISSION DURATION
INCREASES FROM LESS THAN 1 YEAR ~OR A MARS MISSION UP TO 11 YEARS FOR
A GRAND TOUR. THUS, AN INCREASE OF AT LEAST 30 DB IS REQUIRED IN
COMMUNICATION PERFORMANCE CAPABILITY RELATIVE TO MARINER '69 AND THE
SPACECRAFT OPERATING LIFE MUST BE INCREASED ACCORDINGLY. THE
REQUIRED IMPROVEMENTS ARE BEING DEVELOPED BY IN-HOUSE AND CONTRACTED
ACTIVITIES. FIRST, A 4.3 METER UNFURLABLE ANTENNA SYSTEM IS BEING
DEVELOPED AND TESTED TO PROVIDE THE INCREASED GAIN AND SMALLER
POINTING ERROR LOSSES. SECOND, AN EFFICIENT X-BAND DATA DUMP
TELEMETRY SYSTEM IS BEING DEVELOPED AND TESTED AS PART OF UNIFIED
DUAL FREQUENCY RADIO DEVELOPMENT. THIRDi DIGITAL CIRCUIT TECHNIQUES
ARE BEING UTILIZED IN THE COMMAND TELEMETRY SYSTEMS; MICROWAVE POWER
TUBES ARE BEING LIFE TESTED: REDUNDANT MECHANIZATIONS ARE BEING
ANALYZED; ALL FOR THE PURPOSE OF ACHIEVING STABILITY AND LONG-LIFEe
FOURTH, THE OVERALL TELECOMMUNICATION SYSTEM IS BEING _ANALYZED TO
OPTIMIZE THE TRACKING, TELEMETRY AND COMMAND PERFORMANCE, EMPHASIZING
BOTH RELIABILITY AND OPERATIONAL FLEXIBILITY. THE GOAL OF THIS RTOP
IS A SMOOTH TECHNOLOGY TRANSFER FROM ADVANCED TECHNICAL DEVELOPMENT
TO PROJECT WHEN THE OUTER PLANET GRAND TOUR PROJECT. STARTS ON DEC. 1,
1971e SEVERAL KEY COMPONENTS FOR THIS RTOP ARE DEPENDENT UPON THE
OART EFFORT, "MICROWAVE DEEP SPACE COMMUNICATION AND TRACKING," RTOP
NO. 115-21-20.
RTOP NO. 186-68-53 TITLE: TELECOMMUNICATIONS TECHNOLOGY FOR OUTER
PLANET PROBES
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: FOSTER, J. Ve TEL. 415-961-2267
TECHNICAL SUMMARY
TO PREDICT THE PERFORMANCE AND DETERMINE THE DESIGN DIFFERENCES
REQUIRED FOR RELIABLE RADIO COMMUNICATIONS THROUGH DUTER PLANET
ATMOSPHERES, RELATIVE TO COMMUNICATION LINK DESIGNS FOR FREE SPACE
AND EARTH ATMOSPHERE. THEORETICAL DEDUCTIONS OF ABSORPTION,
REFRACTION, AND SCATTERING LOSSES, AND PLANETARY RADIO NOISE, WILL BE
MADE FROM EARTH-BASED OBSERVATIONS DATA FROM OPTICAL AND RADIO
ASTRONOMY, SPECTROSCOPY, AND METEOROLOGY. THEORETICAL PREDICTIONS
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ARE VERIFIED BY LABORATORY SIMULATIONS WHENEVER FEASIBLE. TO ENABLE
RELIABLE LINK DESIGN FOR SPACECRAFT IN VICINITY OF OUTER PLANETS. THE
FOLLOWING WILL BE INVESTIGATED~ 1" SIGNAL ATTENUATION BY VARIED
PROPORTIONS OF AMMONIA, WATER~ AND METHANE q IN DOMINANTLY HYDROGEN
AND HELIUM ATMOSPHERES; 2. EXTRAPOLATION OF TURBULENCE FADING
FACTORS DEDUCED FROM VENUS DA~Ao TO THE JUPITER ATMOSPHERE; 30 TOTAL
SIGNAL ATTENUArION FOR OCCULTATION AND ENTRY PROBE TRANSMISSION
THROUGH JUPITER'S OUTER ATMOSPHERE~ AND AT AND BELOW CLOUD LAYERS
USING MOROZ AND JPL/LEWIS MODELS; 4.EFFECT OF JUPITER NOISE ON
COMMUNICATIONS FOR SPACECRAFT IN ~YPICAL TRAJECTORIES IN THE JUPITER
ENVIRONMENT; 5. POSSIBLE PROPAGATION EXPERIMENTS BY SMALL PRECURSOR
SPACECRAFT, OR THROUGH ADDITIONAL IMPLEMENTATION OF EARTH-BASED
TRACKING SYSTEMS; 6. EXTENSION OF JUPITER FINDINGS TO OTHER OUTER
PLANET ENVIRONMENTS.
RTOP NO. 186-68-54 TITLE: GUItANCE AND CONTROL TECHNOLOGY FOR OUTER
PLANET MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MCDONALD, Re R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO PROVIDE GUIDANCE AND CONTROL
TECHNOLOGY POR FUTURE LONG TERM MISSIONS TO THE OUTER PLANETS.
TYPICAL OF THESE MISSIONS ARE THE PROPOSED GRAND TOUR MISSION, A
FLY-BY OF SEVERAL PLANETS WITH A nITRATION OF 8-12 YEARS. LATER
MISSIONS ENVISION OUTER PLANET ORBITERS g PROBES, AND LANDERS. THE
TECHNOLOGY REQUIRED TO MEET EXPANDING MISSION REQUIREMENTS WILL
REQUIRE INCREASING MEASURES OF OPERATIONAL LIFE, RELIABILITY,
AUTONVMY, AND IMMUNITY TO ENVIRONMENTAL S~RESSES. PAST YEARS EFFORTS
HAVE CONCENTRArED ON THE SUPPORT REQUIREMENTS FOR THE THERMOELECTRIC
OUTER PLANET SPACECRAFT (TOPS) PROJECT. FY 3 72 EFFORTS WILL BRING
THESE EFFORTS ro FRUITION AND WILL CUL~INATE WITH THE PREPARATION OF
PRE-PROJECT DOCUMENTS THAT DESCRIBE THE DESIGN REQUIREMENTS AND
PROGRAMMATIC CONTROLS REQUIRED FOR A SMOOTH TRANSITION TO PROJECT
ACTIVITY. THE AREAS TO BE COVERED DURING FY'72 INCLUDE EFFORTS ON
APPROACH GUIDANCE DEVELOPMENT, EXTENDED LIFE ~TTITUDE CONTROL SYSTEM
DESIGN (ELACS), TOPS THRUST VECTOR CONTROLLER DESIGN, ELACS
DEVELOPMENT AND TEST, AUTOMATIC TEST TECHNIQUES FOR REDUNDANT
SYSTEMS, DIGITAL STAR TRACKER DEVELOPME~T. IMAGE DISSECTOR
DEVELOPMENT, DIGITAL SUN SENSOR DEVELOPMENT, AND INERTIAL DEVICE
DEVELOPMENT. THESE EFFORTS WILL BE LIMITED TO THE CONTINUATION OF
WORK STARTED IN PRIOR YEARS AND PREPARATION OF PRE-PROJECT
. DOCUMENTATION.WHEN THE OUTER PLANET GRAND TOUR PROJECT IS INITIATED,
THESE EFFORTS, CONSISTING OF THE HARDWARE DEVELOPMENTS AND TESTS,
WILL BE CONTINUED UNDER THE PRCJECT.
RTOP NO. 186-68-55 TITLE: Gte TECHNOLOGY ~OR MARS ROVING VE~ICLES
ORGANIZATION: JET PROPULSION LABORATORY ...
MONITOR: MCDONALD. R. Ra TEL, 213-354-6186
TECHNICAL SUMMARY
THE WORK PROPOSED UNDER THIS RTOP WILL PROVIDE TECHNICAL
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ASSISTANCE AND DIRECTION TO TWO NASA HEADQUARTERS UNIVERSITY RESEARCH
CONTRACTS AT C~RNELL UNIVERSITY AND RENSSELAER POLYTECHNIC INSTITUTE.
THESE CONTRACTS PROVIDE FOR RESEARCH AND ADVANCED DEVELOPMENT IN THE
AREA _OF MARS SURFACE EXPLORATION. IN PARTICULAR, THE WORK IS
DIRECTED TO~ARD DEVELOPING SUBSYSTEM AND COMPONENT TECHNOLOGY FOR AN
UN~ANNED MARS ROVING VEHICLE.
RTOP NO. 186-68-55 TITLE: MARS ROVING VEHICLE TECHNOLOGY
ORGANIZATION: NASA HEADQUARTERS.-..-~
MONITOR: TARVER, P. TEL. 202-963-4352 ,
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THIS PROGRAM IS TO PROMOTE THE
CAPABILITY FOR DEVELOPING CONCEPTS, SUBSYSTEMS AND COMPONENTS FOR
CONTROLLING _THE MOTION OF UNMANNED PLANETARY SURFACE ROVING
VEHICLES. THE PROGRAM IS A LONG-TERM RESEARCH AND ADVANCED
DEVELOPMENT EFFORT AND WILL INCLUDE ANALYSES, SIMULATIONS AND
HARDWARE DEVEL~PMENT FOR MARS ROVING VEHICLE MISSIONS. THE EFFORT IN
FY '72 WILL SUPPORT RESEARCH CONTRACTS AT CORNELL UNIVERSITY AND
RENSSELAER' POLYTECHNIC INSTITUTE. THE _BENEFITS DERIVED FROM THESE
CONTRACTS ARE TWOFOLD. FIRST, THE RESULTS ARE USEFUL IN MAINT~INING
AND !MPROVING THE CAPABILITY OF NASA TO _DEVELOP AN UNMANNED ROVING
VEHICLE FOR PLANETARY EXPLORATION. AND SECOND, THE STUDENT
PARTICIPANTS ARE CONFRONTED WITH A PRACTICAL ENGINEERING PROBLEM
DURING THEIR C~URSE OF STUDY. THIS SIGNIFICANTLY INCREASES THE
STUDENT'S ABILITY TO COPE WITH ENGINEERING PROBLEMS UPON HIS
GRADUATION.
RTOP NO. 186-68-56 TITLE: CENTRAL DATA SUBSYSTEM FOR OUTER PLANET
MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY __ . _ _,
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE OBJECTIVE OF THE RTOP IS TO DEVELOP tHE ADVANCED SIC DATA
SYSTEMS TECHNOLOGY FOR THE OUTER PLANET MISSIONS. aESULTS WILL BE IN
THE FORM OF DESIGNS, BREADBOARDS, OR PROTOTYPES. THIS WILL BE
ACCOMPLISHED THRU IN-HOUSE DESIGN COMPLEMENTED BY DEVICE AND
SUBSYSTEMS DEVELOPMENTS CONTRACTS. THE S/CDATA SYSTEM INCLUDES
THOSE DATA SUBSYSTEMS WHICH PERFORM THE FUNCTION OF CONTROL,
MEA SUREMENT, AN D STOR AGE. "c ONTRO L" I NCLUDES THE GENERA TION AND
DISTRIBUTION OF TIMING SIGNALS, SEQUENCING THE SIC THRU ITS DESIRED
STATES (MODES), PERFORMING MAINTENANCE AND FAILURE DIAGNOSTICS ON
OTHER SIC SUBSYSTEMS, AND SWITCHING IN REDUNDANT UNITS OR PERFORMING
THE EQUIVALENT FUNCTIONS. "MEASUREMENT" CONSISTS OF CONDITIONING,
SAMPLING, tNCODING, MULTIPLEXING, COMPRESSING, lND FORMATTING DATA
FOR TRANSMISSI:lN OR STORAGE. "STORAGE" INCLUDES MASS STORAGE (TAPE
RECORDERS) BUFFER STORAGE (EITHER MAGNETICS OR SEMICONDUCTORS) AND
WORKING STORAGE (READ-WRITE OR READ-ONLY MEMORIES). THE SIC DATA
SYSTEM IS CONSIDERABLY MORE CENTRALIZED THAN ITS MARINER-CLASS
PREDECESSORS AS A DIRECT CONS~QUENCE OF THE NEED FOR GREATLY
INCREASED RELIABILITY AND ON-BOARD DECISION-MAKING. CENTRALIZATION
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TECHNOLOGY HAS BEEN
REQUIREMENTS FOR
MISSION S REQUIRE
SEVERE ENVIRONMENTS
PACKAGING IN THAT A
PROVIDES FOR INCREASED COMPUTATIONAL CAPABILtTY AND MORE EFFICIENT
ALLOCATION OF REDUNDANCYo DURING FY f 12 THE DETAILED FUNCTIONAL
DESIGN OF MOST OF THE DATA SYSTEM WILL BE COMPLETED. THE MEASUREMENT
PROCESSOR SUBSYSTEM (MPS) WILL BE BREADBOARDED AND TESTED WItH
SIMULATED MEASUREMENT INPUTS. CONTRACTED EFFORTS IN FY'72 INCLUDE
COMPLETION OF rHE CUSTOMIZED METALLIZED MutTI-GATE ARRAY (eMMA)
DEVELOPMENT AND DELIVERY OF. SUFFICIENT DEVICES FOR BREADBOARDING OF
ONE CCS PROCESSOR. ALSO, A
RTOP NO. 186-68-57 TITLE: ENGINEERING MECHANICS TECHNOLOGY FOR
OUTER PLANET MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY'
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
MAJOR CHARACTERISTICS OF OUTER PLANET SPACECRAFT INCLUDE:
INCREASED COKMUNICATION CAPABILITIES, RTG POIER SOURCES u NEW
PROPELLANTS, EXTREME LOW TEMPERATURE ENVIRONMENTS, AND VERY LONG
LIFE. THIS RTOP CONSISTS OF A NUMBER OF TASKS HAVING AS THEIR COMMON
GOAL THE IDENTIFICATION OF NEW ENGINEERING MECHANICS REQUIREMENTS OF
SUCH SPACECRAFT AND THE DEVELOPMENT OF THE TECHNOLOGIES NEEDED TO
SATISFY THEM. SUBSTANTIALLY ALL OF THE CURRENT EFFORT SUPPORTS TOPS.
A 4.25-M DIAMETER DEPLOYABLE HIGH GAIN ANTENNA IS BEING DEVELOPED
IN-HOUSE IN CO~PERATION WITH THE TELECOMMUNICATIONS RTOP 186-68-53.
ASSEMBLY AND ADJUSTMENT ARE TO BE COMPLETE IN NOVEMBER 1911, AND IT
IS PLANNED THAT R.F. AND ENVIRONMENTAL TESTING WILL BE DONE UNDER THE
OUTER PLANETS PROJECT. MAGNETOMETER BOOMS AND LONG-LIFE FLUID PUMPS
WERE INVESTIGAfED IN FY'?1; PREPARATIONS WILL CONTINUE IN FY'72 TO
PERMIT THE EARLY AWARD OF DEVELOPMEWT CONTRACTS FOR THESE ITEMS BY
THE OUTER PLANETS PROJECT. IN ADDITION TO PROVIDING GENERAL SUPPORT
TO THE TOPS PR~JECT, A FULL-SCALE RADIATION TEST MODEL IS BEING
FABRICATED. NUCLEAR RADIATION FIELDS WERE CALCULATED FOR
CONFIGURATIONS 12J AND 12K IN FY'?1. IN FY'72, FIELDS WILL BE
CALCULATED FOR CONFIGURATION 12L AND FOR THE RADIATION TEST MODEL,
AND THE LATTER WILL BE COMPARED WITH ACTU~L MEASUREMENTS. TOPS
TEMPERATURE CONTROL SUPPORT, FORMERLY UNDER RTOP 124-09-26, WILL BE
PROVIDED BY THIS RTOP IN Fy w72. HIGH PERFORMANCE POLYMERIC
ADHESIVES, SELECTED AND SUBJECTED TO HIGH TEMPERATURE AND THERMAL
CYCLING TESTS IN FY'?1, WILL BE SUBJECTED TO LONG DURATION EXTREME
LOW TEMPERATURE TESTS IN FY'72. STRESS CORROSION STUDIES CONCERNED
WITH TITANIUM PRESSURE VESSEL-~--
RTOP NO. 186-68-58 TITLE: PACKAGING AND CABLING TECHNOLOGY
ORGANIZATION: JET PROPULSION LABORATORY,
MONITOR: MCDONALD, R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
THE OBJECTIVES OF THE PACKAGING AND CABLING
TO MEET THE INCREASINGLY COMPLEX SPACE MISSIONS
LONGER LIFE AND IMPROVED PACKAGING EFFICIENCY.
GREATER RELIABILITY TO OPERATE IN INCREASINGLY
FOR LONGER TIMES. THIS CREATES A PARADOX FOR
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LARGER NUMBER ~F SMALLER AND MORE FRAGILE COMPONENTS MUST BE
ASSEMBLED AND INTERCONNECTED TO PERFORM RELIABLY FOR A LONGER TIMEe
THE APPROACH WAS TO REVIEW EXISTING AND PROPOSED JPL AND OTHER
PACKAGING AND CABLING METHODS AND TECHNIQUESe THROUGH EVALUATION AND
ANALYSIS IN CONJUNCTION WITH ELECTRONIC COMPONENT AND ELECTRONIC
CIRCUIT DEVELOPMENTS~ APPROPRIATE TECHNOLOGIES WERE CHOSEN FOR
FURTHER DEVELOPMENT AND INTEGRATION _INTO A JACKAGING SYSTEM. THE
PACKAGING SYSTE~ CONCEIVED FOR TOPS INCLUDED THE DEVELOPMENT OF AN
ELECTRONIC COMPARTMENT HAVING SINGLE SIDE ACCESS ASSEMBLIES,
EFFICIENT STRUCTURAL ASPECTS AND SHORT CABLING LENGTHS. THE GOAL WAS
TO PROVIDE 10 rIMES THE PACKAGING PARTS DENSITY AND 4 TIMES THE
INTERCONNECTION CAPABILITY OF MARINER '69$ THIS WORK TASK ALSO
FURNISHES THE NONDEVELOPMEN~ BUT NECESSARY HOUSEKEEPING ACTIVITIES OF
THE PACKAGING AND CABLING FUNCTIONS NECESSARY FOR THE TOPS PROJECTe
FOR FY'72 THE CO~PLETION OF THOSE PREVIOUSLY INITIATED TASKS WILL BE
PURSUED THROUGH NOVEMBERG THE CONTINUING ACTIVITIES ARE ANTICIPATED
TO BE CARRIED IN WITH THE STAFT AT THAT TIME OF THE OUTER PLANET
PROJECT4
RTOP NO. 186-68-59 TITLE: JUPIT~R ATMOSPHERIC ENTRY PROBE HIGH
SPEED BRAKING SURVIVAL ANALYSIS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MCDONALD, R. RG TEL. 213-354-6186
TECHNICAL SUMMARY
JUPITER ATMOSPHERIC ENTRY PROBE PLANS MUST INCLUDE AN ASSESSMENT
_OF THE PROBABILITY OF SURVIVAL DURING AERODYNAMIC BRAKING FROM
SPEEDS OF 60 KM/SEC. THE EXTREME AND PROLONGED ABLATION AND
STRUCTURAL STRAIN RESULTING FROM ACTION OF THE HOT, HIGH PRESStlRE
SHOCK LAYER GASES SURROUNDING THE ENTRY PROBE LIMITS THE CHANCE OF
SURVIVAL. WE INTEND TO COMPUTE (1) THE EFFECT OF THE JUPITER
ATMOSPHERIC PROBE ON THE THERMOCHEMISTRY AND RADIATION
CHARACTERISTICS OF ATMOSPHERIC GASES, AND (2) THE ABLATION RESPONSE
OF THE VEHICLE HEAT SHIELD AND THE THERMAL AND PRESSURE LOADS TO THE
STRUCTURE DUE ro THIS HIGH TEMPERATURE RADIATING ENVIRONMENT. WE
INTEND TO PREDICT THE ABLATION, LOADING, _AND DYNAM~C RESPONSE OF
SEVERAL ENTRY PROBES WITH EXISTING TRAJECTORY, THERMOCHEMISTRY,
SPECTRAL INTENSITY, FLOWFIELD, AND DYNAMIC MOTION COMPUTER PROGRAMS$
WITH THE LIMITED DATA DESCRIBING THE JOVIAN ATMOSPHERE, WE WILL USE
THE MOST LIKELY COMPOSITION, TEMPERATURg, AND DENSITY DISTRIBUTION,
AND THE EXTREME ATMOSPHERES DESCRIBED IN THE MONOGRAPH - THE PLANET
JUPITER (1970). WE WILL DETERMINE THE ENTRY PROBE _RESPONSE AT THE
MOST PROBABLE ATMOSPHERIC PROPERTIES AND THE SENSITIVITY TO CHANGES
IN THESE PROPERTIES.
RTOP NO. 186-68-60 TITLE: VENUS ENTRY PROBE TECHNOLOGY
ORGANIZATION: GODDARD SPACE FL~GHT CENTER
MONITOR: MARCOTTE, P. G. TEL. 301-982-4646
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO DEFINE AND OPTIMIZE ON A
SYSTEM AND SUBSYSTEM BASIS THE SELECTED TECHNOLOGIES AND DESIGN
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CONCEPTS REQUIRED FOR THE PROPO~ED PLANETARY EXPLORER VENUS MISSIONSQ
TH~ APPROACH WILL TAKE THE EXISTING STUDIES AS A BASELINE AND
PERFORM ADDITIJNAL SYSTEM ANALYSIS AND TRADEOFF STUDIES IN ALL
SPACECRAFT/PROBE AREAS LEADING TO THE ONE OPTIMUM CHOICE FOR EACH
SUBSYSTEM AND SYSTEM REQUIRED TO SUPPORT THE MISSION OBJECTIVES o THE
SPACECRAFT AND PROBE AREAS TO BE STUDIED INCLUDE: THE TOTAL PROBE
AND SPACECRAFT SUBSYSTEM AND SYSTEM DESkGN VS. THE MISSION
OBJECTIVES; UNIVERSAL SPACECRAFT DATA SYSTEM; HIGHLY STABLE
TRANSMITTER OSCILLATORS, TRANSPONDER AND ANTENNA DESIGNS, THERMAL
LOUVER AND CRIrICAL ANALYSI~ OF ENTRY STRUCTURAL SUBSYSTBMS; DETAIL
DESIGN OF CRITICAL STRUCTURAL SUBSYSTEMS; LOW BIT BATE TELEMETRY
SYSTEM STUDIES; POWER SYSTEMS PARAMETERS u BATTERY & SOLAR ARRAY
OPTIMIZED DESIGNS; THERMAL INSULATION Q ALUMINUM AND TITANIUM MATERIAL
CHARACTERISTICS AT HIGH TEMPERATURES AND PRESSURES; MISSION ANALYSIS,
GUIDANCE AND NAVIGATION STUDIES.
RTOP NO. 186-68-62 TITLE: PROPULSION AND PYROTECHNIC TECHNOLOGY FOR
TEN-YEAR MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONlTOR: MCDONALD g R. R., JRoELQ 213-354-6186
TECHNICAL SUMMARY
THE PURPOSE OF THIS PLAN IS TO PROVIDE THR TECHNOLOGY FOR
PROPULSION AND PYROTECHNIC SUBSYSTEMS THAT WILL BE USED ON LONG-LIFE
(TEN-YEAR) MISSIJNS. THIS INCLUDES SUPPORT OF THE THERMOELECTRIC
OUTER PLANET SPACECRAFT (TOPS) ADVA~~RD SYSTEM IN SPECIFIC TECHNOLOGY
AREAS. THE OBJECTIVES OF THIS PLAN ARE TO DETERMINE WHICH MATERIALS
ARE ACCEPTABLY INERT FOR USE IN THE CONSTRUCTION OF PROPULSION
SUBSYSTEM COMPJNENTS IN CONTACT WITH LIQUID PROPELLANTS FOR TEN
YEARS. TEST DATA FOR MATERIAL TEST SPECIMENS IMMERSED IN EARTH
STORABLE PROPELLANTS WILL BE GENERATED. THE TEST PROGRAM INVOLVES
PREPARATION OF TEST CAPSULES, ACTUAL STORAGE TESTS IN A CONTROLLED
ENVIRONMENT, AND DETAILED CHEMICAL AND PHYSICAL ANALYSES OF SPECIMENS
AND ~ROPELLANTS AFTER SPECIFIED STORAGE PERIODS. THE COMPATIBILITY
TEST FACILITY AT THE JPL EDWARDS TEST STATION WILL BE USED Q
COMPATIBILITY DATA CURRENTLY AVAILABLE WERE DE~IVED FROM TESTS WHICH
RARELY EXCEEDED TWO-YEARS DURATION. DATA FROM MUCH LONGER TESTS ARE
REQUIRED FOR THE SOUND DESIGNCF PROPULSION SYSTEMS WHICH MUST
PERFORM FOR TEN YEARS ON TOPS TYPE MISSIONS. TO EXAMINE POWER
SWITCHING CIRCUITS FOR PYROTECHNIC DEVICES PECULIAR TO L~NG-TERM
MIS SIONS (TOP S); ACCO MPLI SH A PRELl MINARY DESIG NAND EV AL UATE
COMPONENTS; FABRICATE BREADBOARD SWITCHING UNITS AND SUBJECT TO
ENVIRONMENTS CJNSISTENT WITH LONG-TERM MISSIONS. COMPONENTS WILL BE
PROCUREDo ALL DESIGN, COMPONENT EVALUATION q FABRICATION AND
ENVIRONMENTAL ~UALIFICATION WILL BE ACCOMPLISHED IN-HOUSEo
PYROTECHNICS FDR LONG-TERM MISSIONS REQUIRE NEW INTERFACES WITH
COMMAND SUBSYSTEMS, DIAGNOSTIC SELF-CORRECTING CAPABILITIES AND
LONG-DURATION FUNCTIONAL CAPABILITIES NOT INHERENT ~N PAST MISSION
SUBSYSTEM DESIGNS.
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RTOP NO. 186-68-63 TITLE: VENUS PROBE SCIENCE INSTRUMENT TECHNOLOGY
ORGANIZATION~ GODDARD SPACE FLIGHT CENTER
MONITOR: MARCOTTE, P~ G. TEL. 301-982-4646
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO CONDUCT LONG LEAD ADVANCE
DEVELOPMENT OF CRITICAL ITEMS IN SUPPORT OF THE P.E. PROBE MISSION
SCIENCE INSTRU~ENTS. BASED ON THE RECOMMENDATIONS OF THE PLANETARY
EXPLORER MISSI~N DIFINITION PANEL, GSFC WITH THE APPROVAL OF NASA
HEADQUARTERS, WILL SELECTIVELY FUND LONG LEAD ADVANCE DEVELOPMENT OF
CRITICAL ITEMS IN SUPPORT OF THE P.E. PROBE MISSION SCIENCE
INSTRUMENTS. rHIS EFFORT WILL REQUIRE CLOSE WORKING RELATIONSHIP OF
THE SCIENTIST AND THE STUDY TEAM TO FIRM UP INSTRUMENT AND PROBE
DESIGN INTERFACES AND REQUIREMENTS. BREADBOARDING OF CRITICAL ITEMS
WILL BE INITIATED. THIS EFFORT WILL BE AN EXTENSION OF CRITICAL
ITEMS AND SENSJRS NOW IN THE DEVELOPMENT STAGE.
RTOP NO. 186-68-64 TITLE: COMET AND ASTEROID RENDEZVOUS AND DOCKING
{CARD} - SRT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: GUTTMAN, C. H. TEL. 205-453-5584
TECHNICAL SUMMARY
THIS RTOP REPRESENTS THE TOTAL CARD SRT PROGRAM EFFORT FOR
FY-72. THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE THE INITIAL
RESEARCH AND DEVELOPME~T NECESSARY TO ASSURE ADEQUATE AND TIMELY
TECHNOLOGY DEVELOPMENT FOR CARD PROGRAM. THE TASKS TO BE PURSUED
. UNDER THIS PRO.GRA.M INCLUDE A HIERARCHAL ATTITUDE CONTROL SYSTEM,
SPACECRAFT STABILITY AND DYNAMIC A.NALYSIS, SPACECRAFT VECTOR CONTROL,
AUTONOMOUS TARGET RELATIVE NAVIGATION, SPACECRAFT ONBOARD VIDEO
GUIDANCE/DETECTION/PROCESSING SYSTEM, SPACECRAFT TERMINAL SENSORS FOR
RENDEZVOUS AND DOCKING, COMPU~ER TECHNOLOGY, OPTICAL CONTAMINATION OF
INSTRUMENTS AND EXPERIMENTS, COMET AND ASTEROID ENVIRONMENTAL STUDY,
METEOR STREAM SPECTRAL ANALYSIS, SPACECRAFT METEOROID DETECTION AND
PROTECTION SYSrEM, SPACECRAFT SAMPLING SYSTEM, SPACECRAFT ONBOARD
VELOCITY MEASUREMENT, LANDER MASS AND DENSITY MEASUREMENT OF COMETS
AND ASTEROIDS. A MAJORITY OF THE TASKS SHOWN WILL BE SPIN-OFFS OF
ONGOING INHOUSE EFFORTS CURRENTLY BEING WORKED.
RTOP NO. 186-68-66 TI~LE: ADAPTIVE SCIENCE LABORATORY TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER -,
MONITOR: NELSON. C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS TO PROVIDE STUDIES OF AN ADAPTIVE
SCIENCE LABORArORY (ASL) TO DETERMINE THE FEASIBILITY AND TECHNOLOGY
REQUIREMENTS ASSOCIATED WITH THE USE OF AN ASL BY PLANETARY MISSIONS.
THESE STUDIES INCLUDE ANALYSES OF SCIENCE AND ASSOCIATED INSTRUMENT
REQUIREMENTS, MISSION MODE STUDIES,>CONCEPTUAL SPACECRAFT DESIGN
STUDIES, AND CJST STUDIES. BECAUSE SAMPLE RETURN MISSIONS ARE QUITE
COMPLEX AND u THEREFORE, EXPENSIVE, IT IS DESIRABLE TO ANALYZE AN A.SL
CONCEPT AS A PJSSIBLE ALTERNATIVE TO A SAMPLE RETURN MISSION. IN ANY
EVENT, A MISSION WHOSE SCIENTIFIC CAPACITY LIES BETWEEN THE VIKING
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(ABOUT _75 LB DF SCIENCE) AND A SAMPLRRETURN MISSION IS A DESIRABLE
MISSION AND SHOULD BE STUDIED THROUGHLY TO DETERMINE ITS FEASIBILITY
AND TECHNOLOGICAL IMPLICATIONS. STUDIES WILL BE A COMBINATION OF
IN-HOUSE AND CDNTRACTUAL ACTIVITIESQ
RTOP NO. 186-68-67 TITLE: RELIABLE DATA MkNAGEMENT SUBSYSTEMS
ORGANIZATION: NASA HEADQUARTERS'
MONITOR: TARVER, P. TEL. 202-963-4352
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO PERMIT NASA TO BENEFIT FROM
TECHNOLOGY DEVELOPMENT THAT HAS RESULTED FROM DOD PROGRAMS IN THE
AREAS OF DATA MANAGEMENT SUBSYSTEMS~ RADIATION HARDENED ELECTRONIC
PARTS AND SYNTHETIC APERTURB RADAR. IT WILL BE IMPLEMENTED BY THE
NAVAL RESEARCH LABORATORY (NRL) ON AN INTER-AGENCY TRANSFER OF FUNDS.
NRL WILL SURVEY THE REQUIFEMENTS OF SELECTED PLANETARY MISSIONS AND
WILL RECOMMEND ADAPTATIONS OF DOD TECHNOLOGIES ~HERE IMPROVEMENT CAN
BE EFFECTED. DESIGN OR DEVELOFMENT IN SELECTED AREAS WILL BE
CONDUCTED IF REQUIRED.
RTOP NO. 186-70-51 TITLE: ELECTRONIC PARTS FOR OUTER PLANET MISSIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: MCDONALD q R. R. TEL. 213-354-6186
TECHNICAL SUMMARY
AN INTEGRAfED EFFORT TO DEVELOP AND EVALUATE THE ELECTRONIC
PARTS AND THE ~SSOCIATED RELIABILITY AND QUALITY ASSURANCE TECHNIQUES
NEEDED FOR TRE OUTER PLANET MISSIONS. THE INITIAL ACTIVITIES WILL BE
CONDUCTED IN SUPPORT OF THE THEBMOELECTRIC OUTER PLANET SPACECRAFT
(TOPS). EMPHASIS WILL BE PLACED ON THE DEVELOPMENT AND/OR EVALUATION
OF MICROELECTRJNIC DEVICES NEEDED FOR TOPS-TYPE OUTER PLANET
SPACECRAFT. THE IMPLEMENTATION OF THIS EFFORT WILL BE COORDINATED BY
THE TOPS MICROELECTRONICS COMMITTEE. THE PURPOSE OF THIS COMMITTEE
IS TO DETERMINE ~HE VARIOUS NEEDS OF THE TOPS SUBSYSTEMS, FOSTER
STANDARDIZATION OF COMPONENTS THBOUGHOUT THE SPACECRAFT SYSTEM,
PURSUE DEVICE DEVELOPMENT WHERE SUBSYSTEM NEEbs DICTATE AND DEVELOP
THE NECESSARY RELIABILITY AND QUALITY ASSURANCE TECHNIQUES FOR
MIC~OELECTRONICS. IN THE AREA OF DISCRETE PARTS, EMPHASIS WILL BE
PLACED ON THE PREPARATION OF A TOPS RECOMMENDED PARTS LIST FOR USE
BY SUBSYSTEM DESIGNERS. THIS _~ILL INCLUDE RADIATION RESISTANCE,
DERATING FACTORS AND SUITABILI!Y FOR LONG L!FE APPLICATIONS. DESIGN
APPRAISAL INVESTIGATION GF APPROPRIATE COMPONENTS WILL BE CONDUCTED
TO DEVELOP A BETTER UNDERSTANDING OF THE PROCESSES AND TECHNIQUES
USED IN FABRICATING THESE COMPONENTS. RESULTS OF SUCH APPRAISALS
WILL BE USED T~ DETERMINE THEIR CAPABILITY FOR SUCCESSFUL OPERATION
IN LONG LIFE MI~SIONS. IN ADDITION g EFFORT WILL BE EXPENDED TO
DEVELOP RELIABILITY ANALYSIS ~ND PREDICTION TECHNIQUES, PERFORM
SUBSYSTEM RELIABILITY TRADEOFFS, ELECTRONIC PART FAILURE RATE
COMPILATIONS AND A HARDWARE INSPECTION PROGRAM IN SUPPORT OF THE TOPS
MICROELECTRONIC ACTIVITIES AND FEASIBILITY DEMONSTRATIONS.
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RTOP NO. 188-36-51 TITLE: DEVELOPMENT OF EXPERIMENTS AND HARDWARE
FOR SOLAR PHYSICS RESEARCH
ORGANIZATION: GODDARD SPACE FLIGHT CENTER "
MONITOR: OSANTOWSKI, J. F. TEL. 301-982-5861
TECHNICAL SUMMARY
RESEARCH PROGRAM TO INVESTIGATE OPTICAL TECHNIQUES AND DEVICES
FOR USE IN THE ULTRAVIOLET AND X-RAY SPECTRAL REGION (8A TO 3000A).
THE PROGRAM IS DESIGNED TO SUPPLY UNAVAILABLE CRITICAL DATA THAT MAY
BE REQUIRED BY SCIENTISTS IN DESIGNING AND/OR PROPOSING ADVANCED
INSTRUMENTATION PRINCIPALLY, BUT NOT EXCLUSIVELY, FOR SOLAR
OBSERVATIONS. DEVELOPMENTS IN ULTRAVIOLET AND X-RAY OPTICAL TECHNOLOGY
MAY IMPACT DECISIONS RELATED TO TRADE-OFFS IN REQUIREMENTS FOR
OPTICAL THROUGHPUT (ACCEPTA~CE)c EFFICIENCY, FIELD OF VIEW, AND
SPATIAL OR SPE:TRAL RESOLUTION. RESEARCH EFFORTS WILL BE CONDUCTED IN
COOPERATION WITH SPACE SCIENTISTS AT GSFC AND OTHER NASACENTERS, TO
MAXIMIZE TECHNICAL INPUT TO ACTIVE OR" PROPOSED FLIGHT PROGRAMS. TO
ACCOMPLISH THIS OBJECTIVE, GSFC WILL CONDUCT IN-HOUSE EXPERIMENTAL
AND THEORETICAL STUDIES IN THE FOLLOWING KEY AREAS; DESIGN,
FABRICATION AND TESTING OF GLANCING INCIDENCE OPTICAL SYSTEMS FOR THE
8A TO 300A SPECTRAL REGION, OPTICAL STUDIES OF VACUUM DEPOSITED THIN
FILMS AND SPECIALIZED MULTILAYER FILM COMBINATIONS AS REQUIRED FOR
HIGH EFFICIENCY REFLECTANCE COATINGS, BAND PASS FILTERS, ETC., AND AN
ASSESSMENT OF rHE PRINCIPLES, OF LARGE OPTICAL APERTURE SYNTHESIS FOR
SPACE FLIGHT APPLICATIONS. THIS METHOD IS ESPECIALLY APPEALING FOR
HIGH SPATIAL RESOLUTION STUDIES OF BRIGHT OBJECTS SUCH AS THE SUN.
RTOP NO. 188-36-55 TITLE: MAGNETOSPHERE PHYSICS - PARTICLES AND
PARTICLE/FIELD INTERACTIONS
ORGANIZATION: ~ODDARD SPACE FLIGHT CENTER
MONITOR: JGILVIE, K. W. TEL. 301-982-5904
TECHNICAL SUMMARY
THE OBJECT OF THIS RESEARCH IS TO INCREASE THE KNOWLEDGE AND
UNDERSTANDING OF NON-THERMAL PLASMAS OCCURRING IN NATURE, AND ALSO TO
IMPROVE THE THEORETICAL DESCRIPTION OF THEIR PROPERTIES. THIS
REQUIRES A CON:OMITANT IMPROVEMENT IN MEASUREMENT ~ECHNIQUES
RTOP NO. 188-36-55 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PAR1ICLE/FIELD INTERACTIONS
ORGANIZATION: AMES RESEARCH CENTER '
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP HIGH SENSITIVITY
INSTRUMENTATION FOR THE DETECTION OF NONTHERMAL PLASMAS AND MAGNETIC
FIELDS, WHICH HAVE SIGNIFICANT IMPROVEMENT IN DETECTION
CHARACTERISTICS AND RELIABILITY OVER EXISTING INSTRUMENTATION. AN
ADDITIONAL OBJECTIVE IS TO INVESTIGATE TECHNIQUES WHEREBY CALIBRATION
AND TESTING PRJCEDURES AND COMPUTER COMPUTATION METHODS FOR
CALIBRATION AND TEST DATA ANALYSIS CAN BE SIGNIFICANTLY IMPROVED OVER
EXISTING METHODS. AN ADDITIONAL OBJECTIVE OF THIS RTOP IS TO CONDU~T
THEORETICAL INVESTIGATIONS OF THE INTERACTION OF THE SOLAR WIND WITH
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PLANETARY BODIES. THIS INFORMATION IS NEEDED FOR A BETTER
UNDERSTANDI~G JF THE EARTH/SUN ENVIRONMENT. AND IS ALSO IMPORTANT IN
ASSESSING THE PERFORMANCE OF PRESENT MAGNETOMETER SYSTEMS SO THAT
INFORMATION IS PROVIDED FOR IMPROVEMENTS FOR FUTURE MISSIONS. FOR
PLASMA DETECTORS g THESE STUDIES COVER THE NUMBER AND POSITION OF FLUX
COLLECTORS g POSITION AND ATTITUDE OF PARTICLE MOLTIPLIERS u
SUPPRESSION OF SECONDARY ELECTRONS. SHAPE OF APERTURES. POST-ANALYZER
ELECTRICAL FIELD REQUIREMENTS g AND OPTIMUM ELECTRIC FIELD
CONFIGURATIONS FOR THE ENERGY TO CHARGE ANALYZER-SECTION.
RTOP NO. 188-36-55 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
'PARTICLE/FIELD INTERACTIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TELe 213-354-3028
TECHNICAL SUMMARY
DISCONTINUITIES: THOUGH MUCH WORK HAS BEEN DONE IN IDENTIFYING,
AND CLASSIFYING DISCONTINUITIES IN THE SOLAR WIND, NOT MUCH HAS BEEN
DONE TO DETERMINE THE MECHANISMS BY WHICH THESE DISCONTINUITIES
DEGENERATE INTO SIMPLER FORMS OF DISTURBANCE. SUCH STUDIES WILL NOT
ONLY ENLARGE OUR CONCEPT OF BOTH STATIONARY AND MOVING
DISCONTINUITIES~ BUT WILL ALSO INCREASE OUR KNOWLEDGE OF FUNDAMENTAL
PLASMA PHYSICS AS WELL. FOR EXAMPLE v IN ORDER ~O EXPLAIN THE OBSERVED
MAGNETIC TURBULENCE ASSOCIATED WITH A T1l.NGENTIAL DISCONTINUITY., A
THEORETICAL INVESTIGATION OF DRIFT WAVE INSTABILITIES HAS BEEN
COMPLETED. THIS NOT ONL~ HELPED EXPLAIN THE STRUCTURE OF A TANGENTIAL
DISCONTINUITY I~ THE SOLAR WIND. BUT IN ADDITION LED TO AN
IMPROVEMENT AND ENLARGEMENT OF THE EXISTING THEORY OF MAGNETIC DRIFT
WAVES. INTERACrION"OF SOLAR WIND WITH SOLAR SYSTEM BODIES: THE
INTERACTION OF THE SOLAR WIND WITH THE MOON IS A PROTOTYPE FOR
INTERACTION OF THE SOLAR WIND WITH OTHER BODIES HAVING LITTLE OR NO
MAGNETIC FIELD. FURTHERMORE, A STUDr OF THE INTERACTION OF THE SOLAR
WIND WITH THE ~OJN IS OF INTEREST FOR THE CREATION OF A MODEL FOR THE
CONDUCTIVI~Y OF THE LUNAR SURFACE. BY COMPARING SATELLITE DATA WITH
DATA RECORDED AT THE LUNAR SURFACE q IT CAN BE SEEN THAT FIELD AND
PLASMA FLUCTUArIONS ARE SELECTIVELY ENHANCED A$,THE SOLAR WIND
APPROACHES THE LUNAR SURFACE •. AN ATTEMPT ~~ILL BE MADE TO INTERPRET
THIS PHENOMENON AS WAVES PROPAGATE BACK INTO THE SOLAR WIND, THESE
WAVES BEING GENERATED FROM THE CURRENTS INDUCED IN THE MOON BY THE
SOLAR WIND. RADIO EMISSIONS: CLASSICAL RADIATION MECHANISMS
(SYNCHROTRON RADIATION g BREMSSTRAHLUNG, ETC.) DO NOT EXPLAIN SOME OF
THE OBSERVED INTENSE RADIO EMISSIONS FROM EXTRATERRESTRIAL SOURCES.
RTOP NO. 188-36-55 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/FIELD INTER~CTIONS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE MAJOR OBJECTIVE IS TO DEVELOP THE VECTOR HELIUM MAGNETOMETER
FOR USE ON SPACE MISSIONS WHERE EXTREMELY WEAK INTERPLANETARY OR
INTERSTELLAR FIELDS ARE TO BE MEASURED BUT WHERE LARGE PLANETARY
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FIELDS MAY ALS~ BE ENCOUNTERED. THE TASK INVOLVES EXPERIMENTATION AND
TESTING THAT WILL LEAD TO IMPROVE~ OR MORE OPTIMUM COMPONENTS, DESIGN
OR MODES OF OPERATION. A MODEST AMOUNT OF THEORETICAL SUPPORT IS
ALSO PROVIDED, PARTICULARLY IN AREAS RELATED TO OPTICAL PUMPING AND
GAS DISCHARGES.
RTOP NO. 188-36-55 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/FIELD INTERACTIONS
ORGANIZATION: NASA HEADQUARTERS ~
MONITOR: SCHMERLING, E. R. TEL. 202-962-1973
TECHNICAL SUMMARY
INVESTIGATE THE PROCESSES OCCURRING IN THE MAGNETOSPHERE OF THE
EARTH AND IN INTERPLANETARY SPACE THROUGH A STUDY OF ENERGETIC
NEUTRAL AND CHARGED PARTICLES AND THEIR INTERACTIONS WITH MAGNETIC
AND ELECTRIC FIELDS. AREAS OF INVESTIGATION INCLUDE TRAPPED AND
AURORAL PARTICLES, THE MAGNETOPAUSE, GEOMAGNETIC TAIL AND SOLAR WIND.
INVESTIGATE THE PROCESSES WHICH RESULT FROM THE ARRIVAL OF SOLAR
PARTICLES NEAR THE EARTH, AND THE CONSEQUENCES OF VARIATIONS IN THE
INCIDENT FLUX.DEVELOP INSTRUMENTS FOR MEASURING NEUTRAL AND CHARGED
PARTICLES FROM SEVERAL EV TO SEVERAL TENS OF MEV; DC MAGNETIC FIELDS
FROM BELOW 0.1 GAMMA TO SEVERAL OERSTED; ELECTRIC FIELDS AND VLF WAVE
ACTIVITY. DEVELOP THE THEORY NEEDED TO UNDERSTAND THE MAGNETOSPHERE,
THE AURORAS, THE SOLAR WIND, THE INTERPLANETARY REGIONS AND THE
OBSERVED BOUNDARY EFFECTS, DOWN TO ROUGHLY THE PLASMAPAUSE.
RTOP NO. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: SCHMERLING, E. R. TEL. 202~962-1973
TECHNICAL SUMMARY
INVESTIGATE THE. ABSORPTION OF SOLAR PHOTONS AND PARTICLES IN THE
EARTH'S UPPER ATMOSPHERE, THE PROCESSES BY WHICH THE ABSORPTION
PRODUCTS ARE DISSIPATED, AND THE EFFECTS WHICH ARISE THEREFROM.
INCLUDED ARE THE COLLISIONAL, PHOTOCHEMICAL AND ELECTROMAGNETIC
INTERACTIONS WHICH ARE FOUND IN THE UPPER ATMOSPHERE, THE IONOSPHERE
AND THE INNER MAGNETOSPHERE. DEVELOPMENT OF INSTRUMENTS FOR THE
DIRECT AND INDIRECT MEASUREMENT OF NEAR-THERMAL PLASMAS, ELECTRIC A~D
MAGNETIC FIELDS.COORDINATED INVESTIGATIONS TO BE CONDUCTED FOR
CAUSE-AND-EFFECT STUDIES, ~OGETHER WITH THE DEVELOPMENT OF THE
APPROPRIATE THEORIES. THE REGION COVERED EXTENDS ROUGHLY FROM THE
LOWEST IONOSPHERE TO THE PLASMAPAUSE.
RTOP NO. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTI~LE/PHOTON INTERACTIONS
ORGANIZATION: AMES RESEARCH CENTER· .
MONITOR: GOODWIN g G. TEL. 415-96t-2265
TECHNICAL SUMMARY
TO INVESTIGATE THE PHYSICS OF THE EARTH'S TOPSIDE IONOSPHERE AND
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PLASMASPHERE AND THE COUPLING OF THESE REGIONS WITH THE MAGNETOSPHERE
AND SOLAR WIND. THEORETICAL STUDIES OF THE TERMAL CHARGED-PARTICLE
COMPOSITION, DENSITY AND TEMPERATURES ARE BEING PERFORMED. COMPUTER
PROGRAMS ARE BEING CODEe BASED ON THE €ONTINUITY, MOM~NTUM AND ENERGY
BALANCE EQUATIJNS APPROPRIATE TO THESE REGIONS. DATA FROM THE
ALOUETTE, ISIS AND OTHER SATELLITES WILL BE USED AS BOUNDARY
CONDITIONS. SPECIAL CORRELATIVE STUDIES ~RE ALSO BEING PERFORMED TO
INVESTIGATE THE GLOBAL NATURR OF CERTAIN ANEMALOUS FEATURES, E. G.,
THE PLASMAPAUSE AND IONOSPHERIC TROUGHS. THE RESULTS OF THESE
EFFORTS ARE VITAL TO THE UNDERSTANDING OF THE EARTH'S CHARGED
PARTICLE ENVIRJNMENT, AND HAVE APPLICATION TO COMMUNICATIONS BETWEEN
TERMINALS IMMERSED IN THESE MEDIAo THE THEORY AND TECHNIQUES
INVOLVED ARE APPLICABLE TO TH~ STUDIES OF ATMOSPHERES AND !ONOSPHERS
OF OTHER PLANETS. PRELIMINARY EFFORTS ARE B~ING INITIATED TO
INVESTIGATE THE CHARGED P~R'1'ICLE ENVIRONMENT OF THE JUPITER
IONOSPHERE.
RTOP NO. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS -PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: LANGLEY RESEARCH CENTER -
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE APPROACH IS TO UTILIZE IONIZED CLOUDS OF BARIUM FROM
CHEMICAL RELEASES IN VARIOUS REGIONS OF THF. GEOMAGNETOSPHERE FOR THE
PURPOSE OF MEASURING MAGNETIC AND ELECTRIC FIELDS. THE METHOD 1S TO
RELEASE, BY A CHEMICAL PROCESS, FREE BARIUM VAPOR AT SUCH POINTS IN
SPACE THAT IT CAN BE PHOTOIONIZED BY SOLAR RADIATION. THE IONIZED
PARTICLES BECOME IN TIME FROZEN TO THE MAGNETIC FIELD LINES AND CAN
BE OPTICALLY OBSERVED THROUGH RESONANT SCATTERING OF SUNLIGHT IN THE
VISIBLE SPECTRUM. THE LONG-RANGE OBJECTIVES ARE: (A) TO MEASURE
ELECTRIC AND MAGNETIC FIELDS IN THE MAGNETOSPHERE; (B) TO ACHIEVE A
BETTER UNDERST~NDING OF THE PHYSICS OF THE INTERACTION OF AN ION
CLOUD RELEASED IN THE MAGNETOSPHERE WITH THE AMBIENT FIELD
INFILTRATED PLASMA; AND (Cl TO DEVELOP HIGHER YIELD BARIUM PAYLOADS
TO MAKE POSSIBLE MAGNETIC AND ELECTRIC FIELD EXPERIMENTS AT GREAT
DISTANCES FROM THE EARTH. THE IMMEDIATE OBJECTIVES ARE: (Al A BARIUM
CLOUD WAS RELE~SED FROM A SCOUT ROCKET AT AN ALTITUDE OF ABOVE FIVE
EARTH RADII IN APRIL 1971. PHOTOGRAPHIC, PHOTOMETRIC AND GEOPHYSICAL
DATA OBTAINED WILL PROVIDE NEEDED'INPUTS TO THEORETICAL STUDIES OF
INTERACTION PHENOMENA AND MEASUREMENT OF ELECTRIC AND MAGNETIC
FIELDS. THE AFOREMENTIONED WILL LEAD TO~ (Bl ESTABLISHMENT OF
NECESSARY OPTICAL OBSERYATIONS AND DATA REDUCTION TECHNIQUES TO BE
USED IN FOLLOW-ON EXPERIMENTS, AND (C) "IN-HOUSE" STUDY AND
TRAJECTORY ANALYSES TO MEET FUTURE MlsSION OBJECTIVES.
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RTOP ~O. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP AN ENGINEERING MODEL OF
AN INSTRUMENT SYSTEM FOR MEASUREMENT OF COMPOSITION OF THE EARTH'S
UPPER ATMOSPHERE DURING SUB-ORBITAL AND ORBITAL MISSIONS. IN
ADDITION, SUCH A SYSTEM MAY BE APPLIED DURING THE ENTRY PHASE OF
MISSIONS TO OTHER PLANETS. SPECIAL ATTENTION WILL BE GIVEN TO MEANS
OF OBTAINING GAS SAMPLES WITHOUT GAS-SURFACE SCATTERING DURING SUCH
FLIGHTS. THE PROPER SAMPLING TECHNIQUES SHOULD ALLOW THE MEASUREMENT
OF REACTIVE GASES SUCH AS ATOMIC OXY~EN. SCOPE OF WORK INCLUDES
FEASIBILITY STUDIES g THE INSTRUMENT DESIGN AND FABRICATION, AND ITS
PERFORMANCE IN A MOLECULAR BEAM TO VERIFY THE MEASUREMENT TECHNIQUE.
RTOP NO. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: DAILEY, C. C. TEL. 205-453-3431
TEC~NICAL SUMMARY
DEVELOP MORE REPRESENTATIVE MODELS OF THE EARTH'S UPPER
ATMOSPHERE FOR USE IN VEHICLE DEVELOPMENT PROGRAMS. THE THEORETICAL
STUDIES OF TRAVELING IONOSPHERIC DISTURBANCES WILL PROVIDE A GREATER
INSIGHT INTO THE COUPLING BETWEEN THE LOWER (LESS THAN 90 KM) AND
UPPER (GREATER THAN 90 KM) ATMOSPHERES, BETWEEN THE CHARGED AND
NEUTRAL ATMOSP~ERES, AND THE SOLAR-TERRESTRIAL RELATIONSHIPS. THE
AIRGLOW RESEARCH WILL PROVIDE US WITH DATA ON THE DYNAMICS OF THE
LOWER THERMOSPHERE, THE CHEMICAL AND PHYSICAL PROCESSES OCCURRING
THERE, AND HOW ALL OF THESE PROCESSES CONTROL THE EARTH'S UPPER
ATMOSPHERE.
RTOP NO. 188-36-56 TITLE: MAGNETOSPHERIC PHYSICS -"PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: HEPPNER, J. P. TEL. 301-982-4797
TECHNICAL SUMMARY
THE 0 BJ ECTI VES AR E: (A) TO CONCEIVE, DESIGN, DEVELOP AND TES T
NEW TECHNIQUES AND INSTRUMENTS FOR SPACE MEASUREMENTS OF ELECTRIC
FIELDS, MAGNETIC FIELDS, WAVE PARTICLE INTERACTIONS, AURORAL
PARTICLES, TRAPPED PARTICLES, SOLAR-INTERPLANETARY PARTICLES, AND (B)
TO CONDUCT FUNDAMENTAL THEORETICAL STUDIES OF M~GNETODYNAMIC
PROCESSES IN SPACE. THE APPROACH INCLUDES DETECTOR AND SUPPORTING
EtECTRONICS, DESIGN, LABORATORY AND CONTRACTOR FABRICATION AND
TESTING, AND THEORETICAL STUDIES OF FIELD AND PARTICLE PHENOMENA AND
DIS TRIBUTIONS IN SP AC E. THI S EFFORT I S EXPECTED TO PROD UCE: (A)
FLIGHT INSTRUMENTATION HAVING THE CAPABILITY TO MAKE MEASUREMENTS
THAT PREVIOUSLY HAVE NOT BEEN POSSIBLE, PARTICULARLY IN AREAS WHERE
THERE ARE SIGNIFICANT GAPS IN OUR KNOWLEDGE AS A CONSEQUENCE OF THERE
BEING FEW OR NO MEASUREMENTS, (B) ACCURATE MODELS OF FIELDS IN SPACE
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WHICH HAVE BOTH SCIENTIFIC AND TECHNOLOGICAL UTILITY g (C) INDICES
WHICH DESCRIBE THE INSTANTANEOUS DEGREE OF DISTURBANCE IN THE
IONOSPHERE AND MAGNETOSPHERE, AND (D) ADVANCES IN THE UNDERSTANDING
OF PLASMA INSTABILITIES AND OTHER FIELD AND PARTICLE INTERACTIONS
WHICH PRODUCE RADIATIONS AND PERTURBATIONS OF THE SPACE ENVIRONMENT.
RTOP NO. 188- 36-57 TITLE: MAGNETOSPH ERIC PHY SICS - RADIO SCI ENCE
ORGANIZATION: NASA HEADQUARTERS
MONITOR: SCHMERLING, E. B. TEL. 202-962-1973
TECHNICAL SUMMARY
TO INVESTIGATE THE INTERPLANETA~Y MEDIUM, THE ENVIRONMENTS OF
THE EARTH, THE MOON, THE PLANETS AND TH£ SUN Q AS WELL AS CELESTIAL
MECHANICS AND RELATIVITY, BY THE PROPAGATION OR SCATTERING OF RADIO
WAVES. TO DEVELOP TECHNIQUES FOR INTERPRETING THE REFRACTION,
SCATTERING, POLARIZATION ROTATION AND PHASE SHIFTING OF RADIO SIGNALS
OCCURRING NATURALLY OR GENERATED ARTIFICIALLY IN TERMS OF PHYSICAL
PROPERTIES OF rHE INTERVENING MEDIUM. TO DEVELOP INSTRUMENTS FOR
GENERATING ELE:TROMAGNETIC WAVES IN SPACE AND MEASURING THE EFFECTS
OF THE MEDIUM, ~OGETHER WITH THE APPROPRIATE THEORY. TO MODEL, IN
THE LABORATORY, THE PLASMA INTERACTIONS AND RESONANCES OBSERVED IN
SPACE, AND TO TEST THE THEORIES DEVELOPED TO EXPLAIN THEM.
RTOP NO. 188-38-51 TITLE: DEVELOPMENT OF EXPERIMENTS AND HARDWARE
FOR SOLAR PHYSICS RESEARCH
ORGANIZATION:, NASA HEADQUARTERS
MONITOR: OERTEL, G. K. TEL. 202-962-0157
TECHNICAL SUMMARY
THE OBJECTIVE OF THE WORK UNDER THIS RTOP IS THE DEVELOPMENT OF
EXPERIMENTS FOR SPACE OR LABORATORY APPLICATION TO SOLAR PHYSICS
RESEARCH AND THE DEVELOPMENT OF CRITICAL TECHNOLOGY ITEMS WHICH ARE
NEEDED FOR SOLAR OBSERVATIONS, OR WHICH CAN IMPROVE THEM
SIGNIFICANTLY. INCLUDED ARE ~HE FOLLOWING ACTIVITIES: DEFINITION
AND DEVELopaENT OF SOLAR EXPERIMENTS FOR EVE~TUAL FLIGHT ON A ROCKET
FOR OBSERVATIONS ABOVE THE ATMOSPHERE DEVELOPMENT OF A DEVICE FOR THE
PRODUCTION OF ~PTICAL COMPONENTS FOR USE IN SOLAR AND ASTRONOMICAL
TELESCOPES, SPECTROGRAPHS, ETC., ON THE. GROUND AND IN SPACE
DEVELOPMENT OF TECHNIQUES FOR IMPROVING THE PERFORMANCE OF OPTICAL
INSTRUMENTATION IN SPACE AND ON THE GROUND DEVELOPMENT OF TECHNIQUES
FOR ACCURATE CALIBRATION OF SOLAR EXPERIMENTS IN SPACE AND ON THE
GROUND IN PARTS OF THE SPECTRUM WHERE THE AVAILABLE ACCURACY IS
INSUFFICIENT FJR EFFECTIVE USE OF DATA FROM SPACE DEVELOPMENT OF
NOVEL TECHNIQUES FOR INCREASING THE INFORMATION VALUE OF PRESENT
SOLAR EXPERIMENTS.
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RTOP NOs 188-38-52 TITLE: GROUND BASED OBSERVATIONS OF THE SUN -
REAL TIME SOLAR MAGNETOGRAPH
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: OLIVER, Jc R. TEL. 205-453-3427
TECHNICAL SUMMARY
THE REAL TIME SOLAR MAGNETOGRAPH, BEING BUILT JOINTLY BY THE
N~VAL RESEARCH LABS AND MSFC, WILL ALLOW STUDIES OF SMALL SCALE
VARIATIONS OF THE SUN'S MAGNETIC FIELD IN ORDER TO DETERMINE THIS
ROLE IN SOLAR ACTIVITY. THE SYSTEM U~ES A NARROW BAND FILTER,
POLARIZERS, AND A SEC VIDICON TV SYSTEM TO MEASURE THE ZEEMAN EFFECT
IN CHROMOSPHERIC ABSORPTION LINES. IN DIRECT SUPPORT OF THE REAL
TIME SOLAR MAGNETOGRAPH A STUDY WILL BE UNDERTAKEN WITH THE OBJECTIVE
TO DETERMINE THE BASIC PHENOMENA INVOLVED IN THE ERUPTION OF SOLAR
FLARES BY STUDYING THE INTERACTIONS OF THE SOLAR PLASMA AND LOCAL
MAGNETIC FIELDS IN THE ACTIVE REGIONS AND TO ANALYZE BASIC SOLAR DATA
SUCH AS MAGNETIC FIELDS AND THE ABSORPTION lINE PROFILES AND
INTERPRET THEM ON THE BASIS OF THESE INTERACTIONS.
RTOP NO. 188-38-52 TITLE: GROUND-BASED OBS~RVATIONS OF THE SUN
ORGANIZATION: NASA HEADQUARTERS
MONITOR: OERTEL, G. K. TEL. 202-962-0157
TECHNICAL SUMMARY
GROUND-BASED OBSERVATIONS OF THE SUN IN WAVELENGTHS FOR WHICH
THE ATMOSPHERE IS TRANSPARENT ARE CARRIED OUT AT A NUMBER OF SUITABLE
OBSERVATORIES AND GROUND STATIONS THROUGHOUT THE UNITED STATESs THE
PURPOSE OF THESE GROUND-BASED CBSERVATIONS IS TO OBTAIN INFORMATION
ON THE SOLAR ATMOSPHERE FROM THE PHOTOSPHERE AND SUN SPOTS, TO THE
CHROMOSPHERE AND THE CORONA, AND ON THE FINE AND GROSS STRUCTURE OF
THE SOLAR AT~OSPHERE, AND ACTIVITY IN IT. THIS INFORMATION IS THEN
USED IN CORRELATION WITH OBSERVATIONS FROM SOUNDING ROCKETS, OSOS,
ATM AND OTHER SPACECRAFT TO DETERMINE THE PHYSICAL CONDITIONS IN THE
OBJECTS STUDIES, AND TO UNDERSTAND THE PHYSICAL MECHANISMS AT WORK IN
THEM. SPECIFI:ALLY THE FOLLOWING TYPES OF ACTIVITY ARE COVERED UNDER
THIS RTOP (GROUND-BASED HERE REFERS TO AIRCRAFT AND BALLOONS AS WELL
AS TO FIXED INSTALLATIONS ON THE GROUND): THE DEFINITION AND DESIGN
OF EXPERIMENTS FOR GROUND-BASED OBSERVATORIES THE CONSTRUCTION OR
PURCHASE AND OPERATION OF SUCH EXPERIMENTS THE OBSERVING OF THE SUN,
AND FEATURES IN ITo FROM THE GROUND THE ANALYSIS OF GROUND-BASED
DATA IN CORRELATION WITH DATA FROM SPACE OR FROM OTHER GROUND-BASED
OBSERVATORIES SCIENTIFIC INTERPRETATION IN TERMS OF PHYSICAL
CONDITIONS AND MECHANISMS.
RTOP NO. 188-38-52 TITLE: SOLAR PHYSICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: HOHL, F. TELs 703-827-2144
TECHNICAL SUMMARY
THE RArE AT WHICH DIELECTRONI~ RECOMBINATION OCCURS IN PLASMAS
OF ASTROPHYSICAL INTEREST WILL BE INVESTIGATED. THIS PROCESS IS
IMPORTANT IN SEVERAL ASTROPHYSICAL SITUATIONS; FOR EXAMPLE, THE
IONIZATION BALANCE OF THE SOLAR CORONA AND THE INTERSTELLAR MEDIUM.
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PREVIOUSLY UNIDENTIFIED SPECTRAL LINES. OF HIGHLY IONIZED ELEMENTS ARE
PRODUCED IN THE LABORATORY ANb ARE IDENTIFIED. RADIATION SOURCES
INCLUDE THE PLASMAS IN A THETAPINCH FACILITY, A PLASMA-FOCUS
APPARATUS. AND THE PLASMA PRODUCED BY A GIANT PULSE LASER. THE
RESULTS ARE OF WIDE DEMAND BY THE SCIENTIFIC COMMUNITY AND WILL ALSO
BE USED TO IDENTIFY MANY OF THE SPECTRAL LINES EMITTED BY THE SOLAR
CORONA THAT ARE OBTAINED BY ROCKET- AND SATELLITE-BORNE
SPECTROGRAPHS. INVESTIGATIO'NS OF THE VARIOUS PROCESSES OCCURRING IN
SOLAR FLARES WILL BE STUDIED BY USING A PLASMA FOCUS TO SIMULATE THE
PARTICLE ACCELERATION AND OTHER PHENOMENA OCCUR~ING IN SOLAR FLARES.
STUDIES ARE MADE OF MAGNETIC-FIELD ANNIHILATION AND RECONNECTION AND
OF THE PARTICLE ACCELERATION IN THE ELECTRIC FIELDS DEVELOPED NEAR
MAGNETIC NEUTRAL POINTS. DETAILED COMPARISON OF THE X-RAY AND OTHER
RADIATION FROM SOLAR FLARES WITH LABORATORY SIMULATION OF FLARES WILL
BE MADE. DATA OBTAINED IN MIAHUATLAN~ MEXICO DURING THE MARCH 7,
1970 0 TOTAL ECLIPSE OF THE SUN WILL BE EVALUATED. THESE DATA WILL
DETERMINE FOR THE FIRST TIME SIMULTANEOUS MULTIC010R INTENSITY y AND
DEGREE AND ANGLE OF POLARIZATION PROFILES FROM PHOTOMETRIC
MEASUREMENTS. COMPARISON WITH MEASUREMENTS DURING THE 1973 ECLIPSE
WILL BE MADE. THE LONG DURATION AND THE HIGH ZENITH ANGLE OF THE
LATTER WILL INCREASE THE QUALITY OF THE MEASUREMENTS.
RTOP NO. 188-38-52 TITLE: GROUND BASED OBSERVATIONS OF THE SUN
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BRANDT, J. C. TEL. 301-982-4701
TECHNICAL SUMMARY
THE DEVELOPMENT OF AN OBSERVATORY TO DETERMINE SOLAR WIND
PROPERTIES AT REMOTE LOCATIONS IN THE SOLAR SYSTEM BY RECORDING AND
ANALYZING THE PROPERTIES OF IONIC COMET TAILS IS CON'l'INTJING. THE
ZEISS FILTERGRAPH, USED TO OBTAIN SUPPORTING OBSERVATIONS FOR THE
GSFC OSO-5 WHEEL EXPERIMENT g HAS BEEN ADAPTED FOR A VIDICON DETECTOR
SYSTEM e TO SUPPORT THE GSFC OSC-H POINTED EXPERIMENTo POLARIZATION
MAPS WILL BE MADE OF SOLAR ACTIVE REGIONS AT MM WAVELENGTHS. A
CORONAL PHOTOMETRY SYSTEM, INTENDED TO OBTAIN BRIGHTNESS MAPS OF THE
SOLAR CORONA DORING TOTAL ECLIPSES WITH A HIGH ACCURACY IN RELATIVE
POINT-TO-POINT PHOTOMETRY IS BEING DESIGNED.
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RTOP NO. 188-38-53 TITLE: LABORATORY AND THEORETICAL SOLAR PHYSICS
ORGANIZATION: NASA HEADQUARTERS,
MONITOR: OERTEL g G. K. TEL. 202-962-0157
TECHNICAL SUMMARY
LABORATORY AND THEORETICAL STUDIES ARE CARRIED OUT ON CURRENT
PROBLEMS IN SOLAR ASTRONOMY AND SOLAR PHYSICS, AND ON IMPORTANT AREAS
OF ATOMIC AND MOLECULAR PHYSICS WHICH ARE CONTRIBUTING BASIC
INFORMATION AS REQUIRED FOR THE ANALYSIS OR UNDERSTANDING OF SOLAR
DATA FROM THE ~ROUND AND FROM SPACE. THEORETICAL STUDIES OF THE SUN
INCLUDE THE FOLLOWING TYPES OF ACTIVITY: THE ANALYSIS OF
GROUND-BASED AND SPACE DATA IN TERMS OF MODELS OF THE SOLAR
ATMOSPHERE ACTIVITY, OR STRUCTURES SCIENTIFIC INTERPRETATION IN
TERMS OF PHYSI:AL CONDITIONS AND MECHANISMS PREDICTION OF FUTURE
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EVEN+S ON THE SUN, SUCH AS PREDICTIONS OF CORONAL STRUCTURES FROM
FEATURES OBSERVABLE ON THE DISK; OF THE DEVELOPMENT OF FUTURE ACTIVE
REGIONS FROM MAGNETIC ANDH-ALPHA FEATURES; THE OCCURRENCE OF FLARES
FROM MAGNETIC FIELD COMPLEXITY AND CONFIGURATION. THEORETICAL AND
LABORATORY STUDIES IN ATOMIC AND MOLECULAR PHYSICS INCLUDE THESE
ACTIVITIES: THE MEASUREMENT CR COMPUTATION OF ATOMIC OR MOLECULAR
QUANTITIES SUCH AS WAVELENGTHS, ENERGY LEVELS, F-VALUES, LINE
BROADENING PARAMETERS, IONIZATION AND EXCITATION FUNCTIONS, ETC.
RTOP NO. 188-38-53 TITLE: SOLAR PHYSICS
ORGANIZATION: AMES RESEARCH-CENTER'
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE OF THIS RTOP IS TO CONDUCT EXPERIMENTS AND
ANALYSES INTENDED TO EXPLAIN THE PHYSICAL PROCESSES THAT GOVERN THE
STRUCTURE AND DYNAMICS OF THE SOLAR CORONA. SPECIFICALLY, THE WORK
WILL BE CONCERNED WITH (1) ECLIPSE OBSERVATIONS OF THE SOLAR CORONA
WITH AN AIRBORNE SCANNING INTERFBROMETER TO SEARCH FOR INFRARED
EMISSION LINES FROl1 HIGH LEVELS OF FE XV, (2) CORRELATION OF
FINE-SCALE BRIGHTNESS DISTRIBUTION OF THE INNER CORONA, OBTAINED FROM
WHITE LIGHT ECLIPSE PHOTOGRAPHS, W1TH THE LOCATION OF STRONG MAGNETIC
FIELDS, (3) A SOLAR FLARE X-RAY EXPERIMENT TO STU~Y THE K ALPHA
EMISSION FROM HIGHLY IONIZED IRON, (4) A STUDY TO IDENTIFY THE
NON-THERMAL IMPULSIVE BURST PHASE IN A SOLAR FLARE AND ITS RELATION
TO MAGNETIC FIELD DYNAMICS, AND PHOTOSPHERIC AND CHROMOSPHERIC
KINETICS, (5) LABORATORY STUDIES OF THE VUV AND X-RAY EMISSION
SPECTRA OF HIGHLY IONIZED SPECIES BELIEVED TO EXIST IN THE SU~ AND,
{6} SUPPORT OF AIRBORNE OBSERVATIONS OF HIGH-RESOLUTION INFRARED
SOLAR SPECTRA IN THE RANGE 3 UM TO 7 UM AND BEYOND. THE RESULTS OF
THESE STUDIES WILL HAVE ASTROPHYSICAL VALUE BY CONTRIBUTING TO AN
UNDERSTANDING OF THE PHYSICAL PROCESSES NEAR THE SURFACE AND IN THE
ATMOSPHERE OF THE SUN, AND WILL CONTRIBUTE TO THE PRAcTICAL PROBLEM
OF PREDICTING THE OCCURRENCE AND INTENSITY OF PARTICLE STREAMS AND
RADIATION FROM SOLAR FLARES THAT ARE DANGEROUS TO MANNED OR UNMANNED
SPAC ECRAFT.
RTOP NO. 188-38-53 TITLE: LABORATORY AND THEORETICAL SOLAR PHYSICS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BRANDT, J. C. TEL. 301-982-4701
TECHNICAL SUMMARY
RESEARCH T~WARD IMPROVED SYSTEMS FOR SOLAR OBSERVATIONS IN THE
EUV, X-RAY & GAMMA RAY REGIONS THROUGH THE DEVELOPMENT OF PROTOTYPE
TELESCOPES & C)LLIMATOR SYSTEMS & DETECTORS FOR THESE WAVELENGTHS. A
FEASIBLE GOAL IS 5 ARC SEC SPATIAL RESOLUTION AT EUV WAvBtENGTHS
USING TWO~ELEMENT GLANCING INCIDENCE TELESCOPES. DEVELOPMENT OF
MECHANICAL SYSTEMS FOR STABLE ALIGNMENT OF THE TWO ELEMENTS IN WOLTER
TYPE II SYSTEMS. THE X-RAY & EUV SCATTERING PROPERTIES OF SURFACES
PRODUCED BY VARIOUS POLISHING TECHNIQUES IS ~EING STUDIED. RESEARCH
INTO IMPROVED HARD X-RAY DETECTORS EMPHASIZES THE OBJECTIVE OF
EXTENDING THE ENERGY RANGE OF OBSERVATION TO 20 MEV. USE OF A
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PASSIVE LI IMPREGNATED BISMUTH SHIELD OFFERS A SUBSTANTIAL
IMPROVEMENT OVER EXISTING METHODS. ELECTRONICS ARE BEING DEVELOPED.
WHICH TOGETHER WITH EXISTING CPYSTAL & MECHANICAL FIXTURES. WILL
PRODUCE A DETECTOR ABLE TO RECORD THE SPECTRUM OF A SOLAR X-RAY BURST
WITH 100 MILLISECONDS RESOLUTION. DETECTOR WORK BEGINS ON A MULTIPLE
CHAMBER COUNTER CAPABLE OF SIMULTANEOUSLY RECORDING SOFT. MEDIUM &
HARD X-RAYS. DESIGN OF A HIGH RESOLUTION CORONAL SPECTROGRAPH FOR
THE 300A REGION CONTINUES & BENCH TESTING WILL BEGIN. COS/MOS TYPE
INTEGRATED CIRCUITS WHICH MAY HAVE REDUCED POWER NEEDS. VOLUME &
WEIGHT WILL BE ENVIRONMENTALLY TESTED IN TYPICAL SPACE SOLAR
EXPERIMENT ELE:TRONIC UNITS. DESIGN WORK FORGROUND-BASED WORK IN THE
MM & INFRARED REGIONS CONTINUES & IS DONE ON RADIOMETER FRONT-ENDS
FOR OPERATION AT geSMM & 6MM WAVELENGTHS. RADIOMETER BACK-END FOR
USE WITH BOTH FRONT-ENDS HAS BEEN DESIGNED & WORK ON THE JOSEPHSON
EFFECT DETECTOR HAS IMPROVED THE SENSITIVITY TO 10 TO THE 13TH--~-
RTOP NO. 188-39-56 TITLE: MAGNETOSPHERIC PHYSICS - PARTICLES AND
PARTICLE/PHOTON INTERACTIONS
ORGANIZATION: 30DDARD SPACE FLIGHT CENTER
MONITOR: AIKIN, A. C. TEL. 301-982-4913
TECHNICAL SUMMARY
DEVELOPMENf OF MEASUREMENT TECHNIQUES FOR DETERMINING PROPERTIRS
OF LOWER PLANErARY IONOSPHERES. THE LONG RANGE OBJECTIVE IS THE
DETERMINATION JF THE ELECTRICAL PROPERTIES FOR THE FIRST 100 KM OF
THE ATMOSPHERES OF THE TERRESTRIAL PLANETSo THIS NECESSITATES THE
DETERMINATION JF THE DEGREE OF S~ATIAL AND TEMPORAL VARIATION OF THE
IONIZATION OF AN ATMOSPHERE AND THE SPECIES OF POSITIVE AND NEGATIVE
ION S. THIS 0 BJ ECT.IVE IS BEING ME T BY: 1} DEVELO PMENT OF TECHNIQUES
FOR ION MASS IDENTIFICATION AT ATMOSPHERIC PRESSURES GREATERTHAN
~0001 MM HG. THESE INCLUDE STUDYING THE EFFECTS OF SHOCK WAVES ON
THE OPERATION JF A QUADRUPOLE ION SPECTROMETER TRAVELING AT LARGEMACH
NUMBERS AND CONSTRUCTION OF reN SPECTROMETERS OPERATING ON THE
PRINCIPLE OF MOBILITY IDENTIFICATIONo 2} FORMULATING MODELS OF THE
LOWER IONOSPHERES OF EARTH, MARS AND VENUS. 3) DETERMINATION OF
REACTION RATES FOR PERTINENT ION-MOLECULE REACTIONS. THE RESEARCH
HAS APPLICATION TO THE MANNED AND UNMANNED EXPLORATION OF THE MARTIAN
SURFACE, SINCE IT DEFINES THE ELECTRICAL ENVIRONMENT IN WHICH SYSTEMS
OPERATE.
RTOP NO. 188- 41-0 1 TITLE~ ASTRONor,a '" GlI.MMA RA Y OBSERVATIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: DLIVIER e J. Re TELo 205~453-3427
TECHNICAL SUMMARY
A PROGRAM OF BALLOON-FLIGHTS FOR GAMMA PAY EXPERIMENTS IS
PROPOSED WITH OAK RIDGE NATIONAL LABORATORY (ORNL} PROVIDING THE
SCIENTIFIC TECHNIQUES AND WITH MSFC SUPPORTING THE PROJECT BY
ASSUMING ALL RESPONSIBILITY FOB TELEMETRY AND REAL-TIME nATA
RECOVERY. BALLOON EXPERIMENTATION TO DATE HAS SHOWN THAT GE(LI}
DETECTORS ARE RUGGED ENOUGH TO UNDERGO BALLOON FLIGHTS. AND
CONSEQUENTLY SPACE FLIGHTS, AND RETURN VALUABLE DATA SO LONG AS THE
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CRYOGENIC SYSTEM REMAINS IN GOOD CONDITION. THE DESIGN FOR THE
SPECTROMETER SHIELD~ THE STABILIZED PLATFORM, AND THE BASIC
ELECTRONIC REQGIREMENTS FOR THE SPECTROMETER AND GONDOLA CONTROL HAVE
ALL BEEN ESSENTIALLY COMPLETED IN A SERIES OF FLIGHTS. IT IS
PROPOSED THAT rHE KNOWLEDGE GAINED AND THE TECHNIQUES DEVELOPED BE
RAPIDLY UTILIZED FOR SCIENTIFIC OBSERVATIONS BY A~APTING THE
ORNL/MSFC GEeLI) SPACE GAMMA RAY SPECTROMETER FOR BALLOON
EXPERIMENTATIOM. THIS ADAPTATION WOULD PROVIDE ONE-FOURTH THE
DETECTOR AREA AS THE SPACE I10DEL. THE' APPROACH TO OBTAINING THIS
CAPABILITY INCLUDES: (1) CQMPLETION OF A STABILIZED PLATFORM AND
ASSOCIATED ELECTRONICS BASED ON THE FINDINGS OF THE JULY 1969 TEST
FLIGHT; (2) ADAPT THE GE (LI) SPECTROMETER DESIGN FOR A BALLOON
INSTRUMENT AND REQUEST QUOTES FROM INDUSTRY FOR BUILDING THE
INSTRUMENT; (3) DESIGN AND BUILD A MULTIMODE SPEGTROI1ETER TO EXTEND
THE EFFECTIVE ENERGY RANGE TO ABOUT 18 MEV; AND (4) ACCOMPLISH
BALLOON FLIGHTS FOR THE PURPOSE OF OBSERVING VARIOUS REGIONS OF THE
GALAXY TO SEA R: H FOR THE PRES ENCE OF GAfoH1A _RAY LINES BELOW 1.5 MEV
WHICH ARE EXPECTED AS A RESULT OF NUCLEAR REACTION.
RTOP NO. 188-41-51 TITLE: GROUND BASED ASTRONOMY - OPTICAL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: OLIVER, J. R. TEL. 205-453-3427
TECHNICAL SUMMARY
THE OBJECTIVES ARE TO PERFORM GROUND BASED VISIBLE AND NEAR IR
FILTER PHOTOMErRY OF BINARY STARS, LONG PERIOD MIRA VARIABLES,
SEYFERT GALAXIES AND MAGNE~IC VARIABLE STARS; AND TO PERFORM
MULTISPECTRAL PHOTOELECTRIC PCIARIMETRY TO STUDY PROPERTIES OF
ZODIACAL LIGHT. THE ABOVE DATA WILL BE USED IN SUPPORT OF SEVERAL
FLIGHT EXPERIMENTS NOW UNDER DEVELOPMENT AT MSFC. MULTISPECTRAL
PHOTOMETRY WILL BE PERFORMED USING EQUIPMENT WHICH IS MOSTLY A,1READY
DEVELOPED AND ON HAND. THE 30 AND 49 CM TELESCOPES AT MSFC, AND THE
150 CM TELESCOPE AT TUCSON u ARIZONA WILL BE USED.
RTOP NO. 188- 41- 51 TITLE: GROUND BASED ASTRONO MY - OPTIC AL
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BOGGESS, A., III TEL. 301-982-5103
TECHNICAL SUMMARY
THE OBJECTIVE IS TO PURSUE A LONG RANGE PROGRAM IN ASTRONOMICAL
RESEARCH, WITH EMPHASIS ON OPTICAL OBSERVATIONS, THEORETICAL
ASTROPHYSICS, ~ND OTHER SPECIFIC TOPICS OF SPECIAL INTEREST TO NASA.
THE EFFORT INCLUDES OPERATION OF GROUND TELESCOPES, DEVELOPMENT OF
NEW INSTRUMENTATION FOR GROUND AND ROCKET USE, DATA INTERPRETATION,
AND THEORETICAL STUDIES. SPECTROSCOPIC AND PHOTOMETRIC DATA ARE
OBTAINED FROM ;ROUND AND ROCKET TELESCOPES IN ORDER TO ANALYZE THE
PROPERTIES OF STELLAR ATMOSPHERES AND THE INTERSTELLAR MEDIUM. MODEL
ATMOSPHERES ARE BEING DEVELOPED TO COMPARE WITH OBSERVATION,
PARTICULAR ATTENTION BEING PAID TO BONEQUILIBRIUM PHENOMENA.
ADDITIONAL TASKS INCLUDE CALCULATIONS OF FUNDAMENTAL PHYSICAL
PARAMETERS OF ASTROPHYSICAL INTEREST, N-BODY ORBIT ANALYSIS¥ AND
INVESTIGATIONS OF SECULAR EFFECTS IN THE ~OTIONS OF PLANETARY SYSTEMS.
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RTOP NO~ 188-41-52 TITLE: RADIO ASTRONOMY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER ..
MONITOR: OLIVER, J. R. TEL. 205-453-3427
TECHNICAL SUMMARY
THE PRIMARY OBJECTIVE OF THIS STUDY IS TO OBSERVE AND
INVESTIGATE MILLIMETER EMISSICNS FROM THE SUN AT THE SHORTEST
PRACTICAL RADIJ WAVELENGTH (I.E. THREE MILLIMETERS) BEFORE, DURING,
AND AFTER SOLAR EVENTS AND DUPING THE QUIET ,SUN AND TO CORRELATE THE
RESULTS WITH SOLAR MAGNETOGRAPH~ H-ALPHA RECORDS AND SOLAR FLARE
INFORMATION. rHE RESULTS WILL BE USED TO DETERMINE THE CORRELATION
BETWEEN MILLIMETER EMISSIONS AND SOLAR ACTIVITY FOR POSSIBLE FLARE
PREDICTION AND AS A BASIS FOR A MORE COMPLETE UNDERSTANDING OF THE
PHYSICAL PROCESSES IN THE SOLAR CHROMOSPHERE THROUGH THE tO~ARISON
OF OBSERVED DArA WITH THAT PREDICTED BY CURRENT SOLAR MODELS. THE
THREE MILLIMETER DATA WILL BE OBTAINED FROM THE MILLIMETER WAVELENGTH
RADIa TELESCOPE NOW IN OPERATION AT MSFC. INITIALLY, REGIONS OF THE
SUN WHICH EXHIBIT ACTIVITY (AS INDICATED BY H-ALPHA) WILL BE
MONITORED CONTINUOUSLY DURING PERIODS OF ADEQUATE VISIBILITY. THE
SECOND PHASE WILL BE THE INCLUSION OF A SCANNING MODE OF OPERATION
AND ACTIVE REGIONS WILL BE IDENTIFIED INDEPENDENTLY. EVENTUALLY,
RESOLUTION OF THE TELESCOPE SYSTEM WILL BE IMPROVED AND CONSIDERATION
WILL BE GIVEN TO OTHER PROPERTIES OF THE EMISSIONS (POLARIZATION~
ETC) WHICH ARE LIKELY TO PROVIDE ADDITIO~AL INFORMATION OF THE
PROCESSES PRODUCING THE RADIATION.
RTOP NO Q 188- 41-52 TITLE ~ RADIO ASTRONOMY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: STONE, R. G. TEL. 301-982-4631
TECHNICAL SUMMARY
THE OBJECTIVE OF THE GROUND BASED RADIO ASTRONOMY PROGRAM IS TO
PROVIDE A BETTER UNDERSTANDING OF THE DYNAMICS AND COMPOSITION OF
ASTROPHYSICAL PLASMAS IN OBJECTS SUCH AS RADIO GALAXIES Q SUPERNOVAE,
QUASARS, AND S8LAR SYSTEM SOURCES SUCH AS THE SUN AND JUPITER THROUGH
THE HIGH ANGULAR AND TIME RESOLUTION OBSERVATIONS OF RADIO EMISSION
FROM THESE OBJECTS. RADIO ASTRONOMY HAS PROVIDED NEW INSIGHT INTO
SUCH PROBLEMS WHICH COULD NOT HAVE BEEN GAINED FROM OBSERVATIONS IN
OTH~R PARTS OF THE SPECTRUM SUCH AS THE VISIBLE OR UV REGION. THE
INTERPRETATION OF SOURCE SPECTRAL AND SPATIAL DISTRIBUTION IN TERMS
OF OUR KNOWLEDGE OF PLASMAS AND HIGij ENERGY PROCESSES LEADS TO
KNOW-LEDGE OF THE EVOLUTION OF THE SOURCE AND OF THE MAGNETIC FIELD,
ENERGETIC PARTICLE COMPOSIT!ON AND DYNAMIC PROCESSES WITHIN THE
SOURCE. THE ApPROACH TAKEN INVOLVES THE USE AND DEVELOPMENT OF HIGH
RESOLUTION RADIO TELESCOPES.
RTOP NO. 188- 41-52 TITLE: IN'IERS TELLAR MICROWA VE SPECTROSCOP Y
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TELa 213-354-3028
TECHNICAL SUMMARY
THIS RTOP aSES THE UNIQUE FACILITIES OF NASAiS ~EEP SPACE
INSTRUMENTATION FACILITY (DSIF) TO FIND MICROWAVE SPECTRAL LINES ~F
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INTERSTELLAR ATOMS AND MOLECULES AT X-BAND (8 GHZ) AND K-BAND (15
GHZ)~ REGIONS IN WHICH NASA~S RECEIVING CAPABILITIES ARE THE BEST IN
THE WORLD. CONCURRENTLY, A LABCRATORY MICROWAVE SPECTROSCOPY PROGRAM
IS CARRIED OUT IN ORDER TO INTERPRET THE RESULTS OF THE OBSERVATION
PROGRAM AS TO THE MOLECULAR SPECIES~ ABUNDANCES WITHIN THE SOURCE,
AND THE DOPPLER SHIFT OF THE SOURCE ITSELF~ DSIF EQUIPMENT TO BE
USED INCLUDES rHE 64M GOLDSTONE ANTENNA; K-BAND AND X-BAND WIDEBAND
LOW NOISE FEEDS. MASERS, AND RECEIVERS; A WIDEBAND DIGITAL CORRELATOD
SPECTRUM ANALYZER; CALIBRATED NOISE SOURCES; AND PROGRAMMABLE LOCAL
OSCILLATORSo THIS DSIF EQUIPMENT EITHER ALREADY EXISTS OR IS BEING
DEVELOPED FOR PROGRAMS SUPPORTED BY THE OFFICE OF TRACKING AND DATA
ACQUISITION (OrDA); THUS, THIS RTOP DOES NOT PAY FOR SUCH EQUIPMENT.
THE SPECTROMETER SYSTEM TO BE USED IN THE LABORATORY INVESTIGATIONS
INCLUDES A STARK MODULATION SPECTROMETER AND ASSOCIATED PROGRAMMABLE
DIGITAL DATA HANDLING AND CONTROL EQUIPMENTo THE LABORATORY
EQUIPMENT IS TJ BE FUNDED OUT OF DISCRETIONARY FUNDS 6 NOT OUT OF THIS
RTOPQ FUNDAMENTAL QUESTIONS IN STELLAR AND GALACTIC EVOLUTION TO BE
ANSWERED BY INTERSTELLAR MICROWAVE SPECTROSCOPY INCLUDE THE GALACTIC
MOLECULAR AND ISOTOPE DISTRIBUTION AND THE ISOTOPIC ABUNDANCE RATIOS;
THE VELOCITY DISTRIBUTION OF INTERSTELLAR MATERIAL; AND THE CAUSES OF
ANOMALOUS INTERSTELLAR MOLECULAR SPECTRAL LINE INTENSITIES. OF
PARTICULAR INTEREST IS THE LOCATION AND ABUNDANCE OF COMPLEX
INTERSTELLAR MOLECULES q BECAUSE THE MECHANISMTHAT ALLOWS THE CREATION
AND RETENTION OF SUCH----
RTOP NO. 188-41-53 TITLE: COMPUTATIONAL PHYSICS
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON g C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
WITH THE AVAILABILITY OF LARGER AND FASTER COMPUTERS AND WITH
THE DEVELOPNENr OF EFFICIENT NUMERICAL METHODS IT IS BECOMING
POSSIBLE TO OBrAIN REALISTIC COMPUTER SIMULATIONS OF THE EVOLUTION OF
COMPLEX PHYSICAL SYSTEMS. VARIOUS PROBLEMS RELATED TO THE
GEOMAGNETIC ENVIRONMENT~ TO STELLAR AND GALACTIC DYNAMICS ff TO PLASMA
PHYSICS g AND TO FLUID DYNAMICS WILL BE STUDIED. TH~ INTERACTION OF AN
ARTIFICIAL SATELLITE OR SPACE STATION WITH THE EARTH'S IONIZED
ATMOSPHERE g IN PARTICULAR THE EXTENDED WAKE REGION, WILL BZ
INVESTIGATED. THIS WILL INCLUDE AN ASSESSMENT OF THE EFFECT OF
ENVIRONMENTAL 20NTAMINATION BY THE SPACE STATION ON OBSERV~TIONS OF
FAINT ASTRONOMICAL SOURCES. NEW AND IMPROVED NUMERICAL METHODS AND
COMP~TER MODELS ARE NEEDED TO PERFORM THE COMPUTER SIMULATIONS.
AREAS OF PARTI~ULAR INTEREST FOR SIMULATIONS THAT ARE PRESENTLY IN
PROGRESS ARE CONCERNED WITH THE DYNAMICS OF SPIRAL GALAXIES AND THE
EXPANSION OF ARTIFICIAL BABIUM CLOUDS IN THE EARTH'S MAGNETOSPHERE.
THE EFFECTS OF cOMPANION GALAXIES ON THE SPIRAL STRUCTURE WILL BE
STUDIED. FOR rHE BARIUM CLOUD EXPERIMENT THE RATE OF EXPANSION OF
THE CLOUD AND THE DIFFUSION OF THE MAGNETIC FIELD IS BEING
NUMERICALLY SIMULATED.
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RTOP NO. 188-41-53 TITLE: THEORETICAL ASTROPHYSICS
ORG!NIZ!TION: NASA HEADQUARTERS
MONITOR: ROMAN, N. G. TEL. 202-962-2989
TECHNICAL SUMMARY
OBJECTIVE IS TO INVESTIGATE VARIOUS AREAS OF ASTROPHYSICS TO
UNDERSTAND: STELLAR SPECTRA; WAVE FUNCTIONS; STELLAR EVOLUTION;
STELLAR INTERI~RS; COSMOLOGY; STELLAR ATMOSPHERES; STELLAR SYSTEMS
(E.G., BINARY STARS); AND POLARIZATION. THEORETICAL STUDIES ARE
NECESSARY TO U~DERSTAND DATA COLLECTED FROM ORBITAL AND GROUNDBASED
OBSERVATIONS. A TOTAL UNDERSTANDING OF THE ASTRONOMICAL NATURE OF
OUR UNIVERSE IS THE PRIME GOAL OF THE ASTRONOMY PROGRAM. THE
THEORETICAL WORK DESCRIBED HERE IS THE FIRST STEP TOWARD THAT GOAL.
IN SHORT, THE OBJECTIVE IS TO PLACE ASTRONOMY ON A SOLID THEORETICAL
BASE FROM WHICH OUR KNOWLEDGE MAY BE EXPANDED. THE APPROACH USED IS
TO DEVELOP MATHEMATICAL AND PHYSICAL MODELS, TO USE FUNDAMENTAL
ATOMIC, NUCLEAR, AND CHEMICAL DATA TO DETERMINE THE UNDERLYING
PHYSICS OF THE SITUATION; TO USE COMPUTER TECHNIQUE~ TO DEVELOP
SOPHISTICATED MODELS WHICH DESCRIBE AND PREDICT BEHAVIOUR; AND TO USE
LABORATORY AND FLIGHT DATA TO DEVELOP NEW THEORIES AND TO CHECK
~XISTING ONES.
RTOP NO. 188- 41-53 TITLE: THEORETICAL ASTROPHYSICS
ORGANIZATION: !MES RESEARCH CENTER
MONITOR: GOODWIN, G. TELo 415-961-2265
TECHNICAL SUMMARY
TO CONDUCT THEORETICAL STUDIES ON ~MPORTANT FUNDAMENTAL PROBLEMS
OF ASTRONOMY AND ASTROPHYSICS. MAJOR AREAS OF STUDY INCLUDE: 1.
LINE FORMATIO~ IN EXPANDING GASEOUS ENVELOPES WITH SPECIFIC
APPLICATION TO THE QUASI-STELLAR OBJECTS PHL-5200 AND RS-23.
POSSIBLE EXTENSIONS ARE BEING CONSIDERED TO INCLUDE OTHER QSO'S AND A
WIDE CLASS OF HOT YOUNG STARS WHICH ARE UNDERGOING CONTINUOUS OR
SUDDEN MASS LOSS. 2..COSMOLOGICAL PROBLEMS WITH PARTICULAR EMPHASIS
ON THE EFFECT OF COS~OLOGICAL EXPANSION UPON THE STABILITY OF
CLUSTERS OF GALAXIES. 3.INFRA-RED ASTRONOMY. PARTICULAR ATTENTION
HAS BEEN GIVEN TO THE PROBLEM OF THE SUB-MILLIMETER BACKGROUND
RADIATION AND THEORETICAL SUPPDRT IS BEIN~ SUPPLIED TO THE AMES
OBSERVATIONAL PROGRAM IN INFRA·RED ASTRONOMY. 4. STELLAR STUDIES.
S~ELLAR WIND PROCESSES ARE UNDER STUDY AND THE PROBLEM OF THE
PRE-MAIN SEQUENCE EVOLUTION OF A ONE SOLAR MASS OBJECT WITH ROTATION
IS BEING INVESTIGATED. 5. A MODEL FOR THE TRANSFER OF ENERGY WITHIN
THE CRAB NEBULA INVOLVING THE COL LISIQ,NLE SS DAM PING OF HYDROMAGNETIC
WAVES IS BEING DEVELOPED.
RTOP NO. 188-41-54 TITLE: RELATIVITY & CELESTIAl, MECHANICS
ORGANIZATION: JET PROPULSION LABORATORY. -
MONITOR: BURCHAM r b. P. TEL. 213-354-3028
TECHNICAL SUMMARY
WHEREAS CLASSICAL OPTICAL ASTRONOMY YIELDED TWO SIGNIFICANT
TESTS OF RELATIVISITIC GRAVITY TO MODERATE PRECISION {LIGHT
DEFLECTION PLUS OR MINUS 20 PERCENT; pERIHELION SHIFT, PLUS OR MINUS
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SEVERAL PER CENT). IN THE NEXT FIFTEEN YEARS SPACE-PROBE RANGING,
LASER RANGING, RADAR RANGING, LONG-BASELINE INTERFEROMETRY AND
StJPERCONDUCTIN3 GYROSCOPES SHOULD. YIELD A NUMBER OF TESTS WITH
PRECISIONS OF .001 TO .0001. THE IMPORTANCE OF CARRYING OUT SUCH
EXPERIMENTS WAS EMPHASIZED EARLY LAST YEAR IN A REPORT OF THE
NATIONAL SCIENCE BOARD TO CONGRESS: "IF MAN IS TO ACHIEVE A
FUNDAMENTAL UNDERSTANDING OF GRAVITY, SUCH EXPERIMENTS MUST BE DONE:"
WITH THE NEW rECHNOLOGY THAT HAS GROWN UP IN THE SPACE AGE, MAN
SHOULD BE ABLE TO MEASURE A NUMBER OF RELATIVISTIC GRAVITATIONAL
EFFECTS, SOME JF WHICH DIFFER MARKEDLY IN NATURE AND ORIGIN FROM THE
CLASSIC PERIHELION SHIFT AND LIGHT DEFLECTION. NOW IS THE TIME. WE
BELIEVE@ TO DELINEATE THE NEWLY ACCESSIBLE EFFECTS, AND TO EVALUATE
THE FEASIBILITY OF PERFORMING EXPERIMENTS TO MEASURE THEM. THIS IS
THE GOAL OF THIS RESEARCH. WE PROPOSE A TWO-PRONGED ATTACK ON THE
PROBLEM OF PLANNING EXPERIMENTAL HIGH PRECISION TESTS OF GENERAL
RELATIVITY. THE FIRST PHASE IS TO DEVELOP A NEW THEORETICAL
FRAMEWORK WITHIN WHICH TO COMPARE THE VARIOUS POSSIBLE THEORIES OF
GRAVITY, AND Ta USE THAT FRAMEWORK TO DELINEATE SOLAR-SYSTEM
EXPERIMENTS WHICH MIGHT BE PERFORMED. THE SECOND PHASE WILL EVALUATE
CONCURRENTLY THE TECHNICAL FEASIBILITY OF THE PROPOSED EXPERIMENTS
USING EXISTING JPL COMPUTER PROGRAMS.
RTOP NO. 188-41-54 TITLE: RELATIVITY AND GRAVITATION
ORG AN IZAT ION ~ NAS A HEADQUARTER S '
MONITOR: ROMAN, N. G. TEL. 202-962-2989
TECHNICAL SUMMARY
THE PRIME JBJECTIVE IS TO MAKE EXPERIMENTAL TESTS OF THE THEORY
OF RELATIVITY. THE TESTS WOULD BE MADE BY INSTRUMENTS SUCH AS THE
HYDROGEN MASER AND PRECISION GYROSCOPES. THE TESTS ARE BOTH
GROUND-BASED AND ORBITAL. IN ADDITION TO THE-SCIENTIFIC GOALS,
IMPROVEMENTS IN _CRYOGENICS, HIGH PRECISION GYROSCOPE DESIGN AND
MANUFACTURE, AND PRECISE TIME MEASUREMENT MAY BE REALIZED. ANOTHER
OBJECTIVE IS AN INCREASE IN UNDERSTANDING OF THE UNDERLYING THEORIES.
THE ORBITAL TEST OF THE EINSTEIN GENERAL THEORY OF RELATIVITY IS THE
PRIME OBJECTIVE. THE THEORY OF RELATIVITY IS OF HIGH SCIENTIFIC
INTEREST AND IS MOST FUNDAMENTAL. EXPERIMENTAL TESTS ARE RARE. THE
ABILITY TO ORBIT LARGE, COMPLEX, AND PRECISE APPARATUS WELL SHIELDED
FROM UNWANTED FORC~S OFFERS A UNIQUE OPPORTUNITY WHICH SHOULD NOT BE
WASTED~ POSSIBLE FUTURE BENEFITS APART FROM THE SCIENTIFIC ONES
INCLUDE IMPROVED TIMING FOR NAVIGATION, COMMUNICATION, AND GEODESY AS
WELL AS CRYOGENIC SYSTEMS CAPABLE OF EXTENDED OPERATION IN SPACE
WHICH WOULD BENEFIT IR DETECTION. THE SPECIFIC OBJECTIVES INCLUDE
IMPROVEMENT IN OPERATION OF THE HYDROGEN MASER; STUDIES OF THE FLIGHT
WORTHINESS; LABORATORY OPERATION OF CRYOGENIC GYROSCOPE; COMPLETE
GYROSCOPE SYSTEM ERROR ANALYSIS; DETECTION OF GRAVITY WAVES; AND
CONSIDERATION OF POSSIBLE NEW ~ESTS.
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RTOP NO~ 188-41-55 TITLE: EXPERIMENTAL AND OBSERVATIONAL RESEARCH
IN INFRARED ASTRONOMY AND INTERSTELLAR
MEDIUM
ORGANIZATION: GODDARD INSTITUTE FOR SPACE STUDIES
MONITOR: THADDEUS, P. TEL. 212-866-3210
TECHNICAL SUMMARY
GISS IS CARRYING OUT SEJERAL PROJECTS IN EXPERIMENTAL AND
OBSERVATIONAL ASTROPHYSICS AND ASTRONOMY FOR THE PURPOSE OF STUDY OF
INTERSTELLAR MJLECULES, INFRARED SOURCES AND THE COSMIC MICROWAVE
RADIATION. SPECIFIC ASPECTS OF THESE PROJECTS PLANNED FOR FY72 ARE:
1~ CONDUCT OF EXPERIMENTS USING BALLOONS, AIRCRAFT, SOUNDING ROCKETS
AND GROUND-BASED TELESCOPES FOB STUDY OF INFRARED SOURCES AND FOR
IMPROVEMENT OF TECHNIQUES FOR INFRARED OBSERVATION. 2~ TO OBTAIN
PRECISE LABORArORY FREQUENCIES OF A NUMBER O~ MOLECULAR TRANSITIONS
RECENtLY DISCOVERED IN SPACE WITH RADIO TELESCOPES; AND, ALSO TO
MEASURE THE FREQUENCY OF LINES WHICH ARE GOOD CANDIDATES FOR
DETECTION. 3. TO CONTINUE ANALYSIS WITH THE Gtss MICRODENSITOMETER
SYSTEM OF HIGH RESOLUTION STELLAR AND INTERSTELLAR SPECTRA OBTAINED
AT LICK AND MCDONALD OBSERVATORIES. 4. TO OBTAIN OBSERVATIONS OF
INTERSTELLAR MOLECULES IN COLLABORATION WITH BELL TELEPHONE
LABORATORIES IN THE REGION OF MILLIMETER WAVELENGTHS.
RTOP NO. 188-41-55 TITLE: INFRARED ASTRONOMY
ORGANIZA.TION: NASA HEADQUARTERS.
MONITOR: BOGGESS~ N. W. TEL. 202-963-5997
TECHNICAL SUMMARY
THE OBJECTIVE IS TO STUDY OBJECTS IN THE INFRARED BY MEANS OF
GROUND-BASED TELESCOPES, AIRPLANES~ ROCKETS, AND BALLOONS. ANOTHER
OBJECTIVE IS TJ DEVELOP ADVANCED DETECTORS, AND CRYOGENICS SYSTEMS
SUITABLE FOR USE ON SATELLITES DEVOTED TO INFRARED RESEARCH. THE
INFRARED PORTIJN OF THE ELECTROMAGNETIC SPECTRUM IS IMPORTANT FOR AN
UNDERSTANDING )F THE FORMATION OF STARS, INSTELLAR MATTER, THE CENTER
OF OUR GALAXY, OTHER GALAXIES, QUASISTELLAR OBJECTS, AND THE ENERGY
MECHANISMS ASSJCIATED WITH THEM. THE INFRARED ALSO IS IMPdRTANT FOa
UNDERSTANDING rHE RESIDUAL RADIATION OF THE UNIVERSE. THE FUTURE
DEVELOPMENT OR MORE SENSITIVE INFRARED DETECTORS y APART FROM THEIR
SCIENTIFIC BENEFITS, WOULD INCLUDE PRACTICAL BENEFITS DERIVED FROM
THEIR USE FOR EARTH RESOURCES. THE SPECIFIC OBJECTIVES INCLUDE
DEVELOPMENT OF INFRARED TELESCOPES·AND INTERFEROMETERS THAT CAN BE
USED BY THE DIFFERENT VEHICLES SUCH AS BALLOONS, THE LEAR JET, THE
CONVAIR 990, AND THE C-141, AS-WELL AS ON GROUND-BASED INSTRUMENTS.
ALSO INCLUDED ARE SKY MAPS AND DETAILED STUDIES OF INDIVIDUAL SOURCES.
RTOP NO. 188-41-55 TITLE: INFRARED ASTRONOMY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE BROAD OBJECTIVES OF THIS PROGRAM ARE (1) TO OB~AIN AND
INTERPRET ASTR)NOMICAL DATA IN THE FAR INFRARED REGION OF THE
SPECTRUM AND (2) TO DEVELOP AND EVALUATE IMPROVED PLATFORMS AND
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INSTRUMENTATION FOR INFRARED ASTRONOMY. A MICHELSON INTERFEROMETER
(ALREADY BUILT) WILL BE USED WITH AN EXISTING 1210 TELESCOPE MOUNTED
ON A LEAR JET ro DETERMINE THE SPECTRA OF THE GALACTIC CENTER~ THE
ORION NEBULA AND THE BRIGHT PLANETS IN THE RANGE 30 TO 300 MICRONS.
A 28" BALLOON BORNE TELESCOPE WILL BE MODIFIED TO I'lAKE IT SUITABLE
FOR OBSERVATIONS IN THE FAR INFRARED. ENGINEERING TEST FLIGHTS
{PROBABLY 2} WILL BE LAUNCHED TO CHECK OUT GUIDANCE AND CONTROL AND
TO COMPARE THE PERFORMANCE OF THE DETECTOR AND THE INTERFEROMETER
ABOARD THE BALLOON SYSTEM WITH THAT ABOARD THE LEAR JET. EFFORTS
WILL BE MADE TO OBTAIN A SPECTRUM OF ATMOSPHERIC EMISSION FROM BOTH
PLA.TFORMS. A SMALl, APERTURE (8 eM) LIQUID HELIUM COOLED
TELESCOPE-INTERFEROMETER AND ASSOCIATED REMOTE GUIDANCE q CONTROL AND
INFORMATION HANDLING SYSTEMS WILL BE DEVELOPED FOR USE ON HIGH
ALTITUDE AIRCRAFT.
RTOP NO. 188- 41- 55 TITLE: HI GH-R ESOLUTION INFRARED STELLAR
SPECTBOSCOPY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM q Dc P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO OBTAIN AND ANALYZE HIGH
RESOLUTION SPECTRA OF SELECTED COOL STARS IN THE 1.2 TO 6 MICRON
REGION WITH THE JPl MK III CONNEsv-TYPE FOURIER SPECTROMETER AT THE
COODE FOCUS OF THE 107" TELESCOPE MCDONALD OBSERVATORY. A MORE
DETAILED OBJECTIVE AND A LIST OF SPECIFIC STARS IS APPERDEDa
RTOP NOe 188-41-55 TITLE: INFRARED ASTRONOMY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: OLIVER Q J e R. TEL~ 205-453-3427
TECHNICAL SUMMARY
THIS SURVEY WILL BE PERFORMED WITH EARTH-BASED TELESCOPES USING
LIQUID HELIUM-COOLED GALLIUM-DOPED GER~ANIUM AND cnpPER-DOPED
GERMANIUM DETECTORS. BANDPASS SPECTRAL FILTERS WILL BE USED TO MAKE
USE OF THE EARTH~S ATMOSPHERIC WINDOWS AND ALSO TO GIVE THE SPECTRAL
DISTRIBUTION OF THE EMITTED ENERGY. THE MEASUREMENT WILL BE MADE
USING A 1~5 MErER INFRARED TElESCOPE AT TUCSON~ ARIZONA. THERE ARE
MANY STARS AND STELLAR SOURCES WHICH EMIT A SIZEABLE PORTION OF THEIR
ENERGY IN THE INFRARED PART OF THE SPECTRUM. SURVEYS HAVE BEEN MADE
IN THE NEAR INFRARED BUT MUCH REMAINS TO BE DONE IN DETERMINING WHICH
OF THE OBJECTS ARE DETECTABLE IN THE MIDDLE AND FAR INFRARED. THE
RESULTS FROM THESE MEASUREMENTS WILL BE MADE AVAILABLE TO INFRARED
ASTRONOMERS SO THAT CLOSER STU~Y CAN BE MADE ON THOSE FINDINGS THAT
ARE OF PRIME INTEREST IN UNDERSTANDING STELLAR EVOLUTION AND
PROCESSESe
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RTOP NO. 188-41-55 TITLE: ASTBONODY
ORGANIZATION: MANNED SPACEC~AFT'CENTER '
MONITOR: KONDO g Y. TEL~ 713~483-6468
TECHNICAL SUMMARY
TASK 1 ~ INFRARED ASTRONOMY. INFRARED SPECTRA OF PLANETARY
NEBULAE AND COJL STARS ARE MEASURED WITH A MICHELSON INTERFEROMETER
USING INFRARED DETECTORS AND THE 107-INCH MCDONALD OBSERVATORY
TELESCOPE.ANALYSIS OF THE SPECTRA YIELDS INFORMATION ON THE
COMPOSITION AND STRUCTURE OF THE NEBULAR GASES AND THE STELLAR
ATMOSPHERES. PRINCIPAL OBJECTIVES OF THE WORK ARE TO CLARIFY THE
ORIGIN AND NATURE OF COOL CARBON~RICH AND OXYGEN-RICH STARS AND TO
EXPLORE THE NArURE OF INFRARED EMISSIONS FROM PLANETARY NEBULAE. IN
A PARALLEL EFFJRT p ANALYTICAL PERFORMANCE STUDIES OF INFRARED
TELESCOPES FOR OPERATION ON MANNED SPACE OBSERVATORIES ARE BEING DONE
TO SUPPORT PLANNING ACTIVITIES FOR SPACE STATION EXPERIMENT
DEFINITION. T~SK 2 - BALLOON-BORNE ULTRAVIOLET STELLAR SPECTROMETER.
TO OBSERVE MG 110 DOUBLET EMISSION AT 2795 A AND 2802 A IN VARIOUS
SPECTRAL TYPE STARS. PARTICULAR EMPHASIS WILL BE piAC£D IN THE
INTERMEDIATE TJ EARLY TYPE STARSo {IN THIS SPECTRAL ~EGION~ THE CA
II. DOUBLET EMISSIONS AT 3933 A AND 3928 A BECOME UNOBSERVABLE.) THE
BALLOON-BORNE ULTRAVIOLET STELlAR SPECTROMETER WILL BE DESIGNED~
FABRICATED u AND FLOWN TWICE IN 19710 FURTHER FLIGHTS WILL BE
REQUIRED TO EXTRACT THE FULL USEFULNESS OF THIS INSTRUMENTATATION.
RTOP NO. 188-41-51 TITLE: LAEORATORY ASTROPHYSICS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: ROMAN. N. G. TEL. 202-962-2989
TECHNICAL SUMMARY
THE OBJECTIVE IS TO STUDY ATOMIC RADIATION AS EMITTED BY STELLAR
OR LABORATORY PLASMA AND OPTICAL AND PHOTOELECTRIC PROPERTIES or
MATERIALS OF ASTRONOMICAL INTEREST. LABORATORY MEASUREMENTS APE
NECESSARY FOR rHE IDENTIFICATION AND INTERPRETATION OF SPECTRA OF
CELESTIAL OBJE:TS OBTAINED EITHER FROM THE GROUND OR FROM SPACE. IN
ADDITICN o PROPERTIES OF CERTAIN MATERIALS ARE NEEDED TO IDENTIFY
THOSE WHICH PROMISE TO HAVE USE FOR SPACE ASTRONOMY RESEARCH.
SPECIFIC OBJECrIVES INCLUDE: THE AWALISIS OF ATOMIC EMISSION SPECTRA
AND DEVELOPMENr OF COMPUTER METHODS OF DATA ANALYSIS; OBTAINING
QUANTITATIVE INTENSITY AND WAVELENGTH MEASUREMENTS OF MOLECULES OF
INTEREST IN STELLAR ATMOSPHERES RESEARCH~ THEORETICAL STUDIES OF lINE
BROADENING; CALCULATIONS OF CROSS-SECTIONS AND OSCILLATOR STRENGTH;
AND OPTICAL AND PHOTOELECTRIC PROPERTIES OF CERTAIN INORGANIC
SEMI-CONDUCTORS AND INSULATORS.
BTOP NO. 188-41-58 TITLE: SUPPORTING TASKS FOR ASTRONOMY PROGRAM
ORGANIZATION: NASA ~EADQUARTERS
MONITOR: ROMAN~ N. Go TEL. 202-962-2989
TECHNICAL SUMMARY
THE OBJECTIVE IS .TO PROVIDE THE MEANS FOR CONCLUDING. IN A
TIMELY MANNER q SPECIAL PROJECTS OF PARTICULARLY HIGH INTEREST TO THE
NASA ASTRONOMY PROGRAM. THE TASKS ARE GREATLY VARIED. THE ASTRONOMY
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PROGRAM HAS SEVERAL TASKS WHICH ARE VERY BROAD AND WHICH ARE A BASE
FOR THE TOTAL PROGRAM. THIS, NATURALLY, MAKES THEM ESSENTIAL TO THE
EFFICIENT OPERATION OF THAT PROGRAM. A PARTICULARLY IMPORTANT
FEATURE IS THAr THROUGH SUCH TASKS WE ARE ABLE TO FOSTER CLOSE
COOPERATION BErWEEN ENGINEERING DEVELOPMENT TEAMS AND ASTRONOMY
RESEARCH TEAMS WITH THE RESULT THAT EACH BENEFITS. TO INVESTIGATE
B~OAD AND SPECIFIC AREAS OF ASTRONOMY; TO INVESTIGATE WAYS
OFCOLLECTING, SORTING e AND ANALYZING LARGE AMOUNTS OF DATA MORE
EFFICIENTLY; TJ CONDUCT RESEARCH IN SOLID STATE PHYSICS PARTICULARLY
FOR APPLICATIOM IN ADVANCED DETECTOR WORK--THESE ARE THE BROAD
OBJECTIVES OF rHESE SUPPORTING TASKS. SPECIALISTS IN EACH OF THE
BROAD AREAS NorED ABOVE ARE SUPPORTED AS APPROPRIATE. BECAUSE OF THE
DIVERSE NATURE OF THE TASKS, THE EFFORT RANGES FROM THEORETICAL
STUDIES TO HARDWARE FABRICATION.
RTOP NO. 188- 41- 5 9 TITLE: X-RAY ASTRONOMY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: BOLDT" E. A. TEL. 301-982'-'5853
TECHNICAL SUMMARY
X-RAY PRODUCTION IS A NECESSARY CONSEQUENCE OF ENERGETIC CHARGED
PARTICLES IN SPACE. ULTRA-RELATIVISTIC ELECTRONS RADIATE X-RAYS VIA
THEIR INTERACTIONS WITH THE AMBIENT ELECTROMAGNETIC ENVIRONME}IT
(E.G., MAGNETIC FIELDS, STARLIGHT, MICROWAVE RADIO). SUBRELATIVISTIC
ENERGETIC PARTICLES RADIATE X-RAYS VIA COLLISIONS WITH MATTER; HIGHLY
IONIZED ATOMS RADIATE CHARACTERISTIC X-RAY LINES AFTER RECOMBINING
WITH AMBIENT ELECTRONS. HENCE, BY STUDYING THE X-RAY EMISSION FROM
STELLAR OBJECTS, NEBULAE" AND INTERSTELLAR SPACE WE GET DIRECT
INFORMATIDN ON ENERGETIC PROCESSES OVER A BROAD RANGE OF PHYSICAL
CONDITIONS AND ASTRONOMICAL SCALES. OBSERVATIONS OF HARD X-RAYS ARE
MADE WITH MECHANICALLY COLLIMATED PROPORTIONAL COUNTERS OF ADVANCED
DESIGN. THE TECHNICAL GOALS ARE LARGE EFFECTIVE AREA, BROAD SPECTRAL
COVERAGE, OPTIMUM RESOLUTION, AND EFFICIENT REJECTION OF EXTRANEOUS
EVENTS (E.G .. , CAUSED BY GAMMA RAYS, ELECTRONSI' RADIOACTIVITY). THESE
GOALS~ COUPlED WITH A DETAILED KNOWLEDGE OF DETECTOR RESPONSE, ARE
BEING ACHIEVED YIA LABORATORY TESTS, BALLOON AND ROCKET FLIGHTS ..
OBSERVATIONS OF SOFT X-RAYS MAY BE MADE WITH THE USE OF GRAZING
INCIDENCE OPTICS. SMALL DETECTORS OF HIGHER RESOLUTION ARE THEN
PRACTICAL, AND WE ARE DEVELOPING A COOLED SI(LI) DETECTOR FOR USE AT
THE FOCUS OF AN X-RAY TELESCOPE.
RTOP NO. 188-41-59 TITLE: X-RAY ASTRONOMY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: HIBBARD, R. T. TEL. 202-963-6975
TECHNICAL SUMMARY
THE OBJECTIVE IS TO UNDERSTAND: THE CONDITIONS EXISTING IN
POINT SOURCES JF X-RAY MISSION; THE COSMIC BACKGROUND RADIATION; AND
THE EMISSION MECHANISM. X-RAY ASTRONOMY RESEAECH HAS BEEN VERY
PRODUCTIVE IN rHE RECENT PAST. ABOUT 60 SOURCES OF X-RAY EM~SSION
HAVE BEEN DISCJVERED. REFINED EXPERIMENTS HAVE LOCATED POINT S.OURCES
WITH SUFFICIENr ACCURACY SO THAT OPTICALLY IDENTIFIABLE OBJECTS,
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HITHERTO UNKNOWN g HAVE BEEN LOCATED. IN ADDITION TO THE POINT
SOURCES THE GENERAL COSMIC BACKGROUND NEEDS TO BE STUDIED FURTHER
BOTH TO UNDERSTAND THE EMISSION MECHANISM AND TO RELATE THESE SOURCES
TO FUNDAMENTAL COSMOLOGICAL THEORIES. THE SPECIFIC OBJECTIVES ARE
THE DETECTION) F ADDITIONAL SOURCES OF X-RAY EMISSION; MEASUREMENT OF
THE BACKGROUND; PRECISE LOCATION OF KNOWN POINT SOURCES; CORRELATION
OF OPTICALLY IDENTIFIABLE bBJECTS WITH KNOWN X-RAY EMITTERS; AND
CLEAR UNDERSTANDING OF THE EMISSION MECHANISM. THE OBJECTIVES ARE
MET BY LABORAT~RY, FLIGHT (ROCKETS, BALLOONS, AND SPACECRAFT) g AND
THEORETICAL INVESTIGATIONS. RESEARCH AND DEVELOPMENT OF ADVANCED
DETECTORS INCLUDING PROPORTIONAL DETECTORS, SOLID STATE DETECTORS g
THOSE WITH LARGE CROSS-SECTIONAL AREl, SHIELDING SYSTEMS, AND
FOCUSSING SYSTEMS ARE BEING CONDUCTED. DATA PROCESSING METHODS ARE
BEING REFINED.
RTOP NO •.188-~1-60 TITLE: STRATOSCOPE
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: GARDINER, D. TEL. 205-453-3410
TECHNICAL SUMMARY
THE OBJECTIVE IS TO OBTAIN HIGH RESpLUTION PHOTOGRAPHS OF
CELESTIAL OBJECTS FROM ABOVE THE TURBULENCE AND SCATTERING OF THE
TERRESTIAL ATMJSPHERE. STRATOSCOPE II HAS THE GOAL OF OBTAINING
DIFFRACTION LIMITED PHOTOGRAPHS OF THE PLANETS, GALAXIES AND NEB~LAE.
THE PROJECT HAS DEVELOPED A COMPLEX w BALLOON-BORNE TELESCOPE; AND AN
INTENSIVE ENGINEERING STUDY OF THE BALLOON SYSTEM WAS CONDUCTED. THE
INSTRUMENT IS BEING PREPARED fOR A FLIGHT FROM HUNTSVILLE IN AUGUST
1971. AFTER THIS FLIGHT THE INSTRUMENT WILL BE RE-EXAMINED AND THE
DAMAGE ASSESSED. PLANS FOR THE NEXT FLIGHT WILL BE BASED ON THE
AMOUNT OF REPAIR NECESSARY. 'IHESE PLANS WILL ALSO BE GUIDED BY THE
POSSIBILITIES JF MAKING THE PRESENT STRATOSCOPE PROGRAM MORE
ECJNOMICAL AND THE POSSIBILITIES OF TAILORING THE PROJECT TO A MORE
DIRECT RELATION TO THE SHUTTLE PROGRAM AND THE LST.
RTOP NO. 188-41-60 TITLE: STRATOSCOPE
ORGANIZATION: NASA HEADQUARTERS
MONITOR: ROMAN, N. C. TEL. 202-962-2989
TECHNICAL SUMMARY
THE OBJECTIVE IS TO OBTAIN· HIGH RESOLUTION PHOTOGRAPHS OF
CELESTIAL OBJECTS FROM ABOVE THE TURBULENCE ANry SCATTERING OF THE
TERRESTIAL ATM~SPHERE. ~TRATCSCOPE II HAS THE GOAL OF OBTAINING
DIFFRACTION LIMITED PHOTOGRAPHS OF THE PLANETS, GALAXIES AND NEBULAE.
THE PROJECT HAS DEVELOPED A COMPLEX, BALLOON-BORNE TELESCOPE; AND AN
INTENSIVE ENGINEERING STUDY OF THE BALLOON SYSTEM WAS CONDUCTED. A
36-INCH BALLOON-BORNE TELESCOPE HAS BEEN DESIGNED AND BUILT. THE
MIRROR WAS SHOWN TO BE ACCURATE TO BETTER THAN 100 A (0.02
WAVELENGTHS). A PRELIMINARY MODEL WAS DEVOTED TO INFRARED
SPECTROSCOPY. THIS FLIGHT PRODUCED SIGNIFICANT RESULTS ON THE STARS
AND JUPITER. THE PROJECT WAS CAREFULLY REVIEWED BY DR. J. BOEHM AND
A MSFC TEAM IN 1967-1968. THEIR RECOMMENDATIONS LED TO A SUCCESSFUL
FLIGHT IN THE SPRING OF 1969. IN PARTICULAR, AN UPPER LIMIT OF FOUR
263
PARSECS WAS PLACED ON THE NUCLEUS OF A SEYFERT GALAXY. IN A FLIGHT
IN MARCH 1970 u URANUS WAS SHOWN TO BE ESSENTIALLY FEATURELESS;
EXCEEDINGLY HIGH RESOLUTION PHOTOGRAPHS OF JUPITER WERE OBTAINED; 10.
A SATELLITE OF JUPITER WAS PHCTOGRAPHED IN A SERIES OF PICTURES AS IT
MOVED INTO THE SHADOW OF ITS PLANET. THE INSTRUMENT IS BEING
PREPARED AT MSFC FOR ANOTHER FLIGHT IN LATE SUMMER OF 1971.
RTOP NO. 188-45-51 TITLE~ COMETS AND ASTEROIDS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: DONN. B. Dc TEL. 301-982-5014
TECHNICAL SUMMARY
THE PROGRAMS INCLUDED IN THE RTOP FORM A THREEFOLD STUDY OF
IN~ERPLANETARY AND INTERSTELLAR MATTER. THE PRIMARY OBJECTIVE IS TO
PERFORM LABORArORY EXPERIMENTS RELEVANT TO THE BEHAVIOR OF MATTER IN
SPACE. A SECOND CLOSELY ASSOCIATED AIM IS THEORETICAL ANALYSES
COMBINING EXPERIMENTAL DATA AND ASTRONOMICAL OBSERVATION. THE LAST
ASPECT INVOLVES OBSERVATIONS UNIQUE TO THIS PROGRAM AND A STUDY OF
TECHNIQUES OF PHOTOGRAPHY AT lOW LIGHT LEVELS. USING MOLECULAR BEAM
TECHNIQUES w CROSS SECTIONS FOR PRODUCTION FROM COMETARY MOLECULES DF
IONS, RADICALS AND METASTABLE MOLECULES WILL BE DETERMINED.
DISSOCIATION MECHANISMS INVOLVING PHOTON D PROTON AND ELECTRON IMPACT
WILL BE STUDIED. THE OPTICS r SPECTROSCOPY AND CHEMISTRY OF SPECIES
APPROPRIATE TO THE STUDY OF INTERSTELLAR MOLECULES AND GRAINS WILL BE
INVESTIGATED. PART OF THE RESEARCH WILL EXAMINE THE POSSIBLE
RELATIONSHIP OF COMETARY AND INTERSTELLAR MOLECULES TO CHEMICAL
EVOLUTION AND rHE ORIGIN OF LIFE. IN SUPPORT OF THE OTHER RESEARCH 8
USES OF IMAGE-INTENSIFIERS TO STUDY COMETS AND INTERPLANETARY DUST~
WILL BE INVESTIGATED.
RTOP NO. 1"88-45-51 TITLE: COMETS AND ASTEROIDS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: DUBIN, M. TEL. 202-962-2847
TECHNICAL SUMMARY
INVESTIGATE THE ORIGIN, STRUCTURE AND PHYSICAL NATURE OF COMETS 8
ASTEROIDS, THE ZODIACAL LIGHT AND GEGENSCHEIN. THE OBJECTIVES
INCLUDE: STUDY OF THE COMETS g ASTEROIDS, ZODIACAL LIGHT g AND THE
GEGENSCHEIN, IN RELATION TO THE ORIGIN AND EVOLUTION OF THE SOLAR
SYSTEM, DETERMINATION OF THE PHYSICAL AND CHEMICAL PROPERTIES OF THE
ENSEMBLES OF GASES AND PLASMAS AND MICRO-PARTICLES IN SPICE g
DETERMINATION JF DYNAMICAL PROPERTIES OF INTERPLANETARY BODIES IN THE
SOLAR ENVIRONMENT, ESPECIALLY THE EVOLUTIONARY PROPERTIES OF COMAS
AND TAILS OF COMETS, INVESTIGAT+ONS OF THE COMPONENT OF THE
INTERPLANETARY DUST OF INTERSTELLAR ORIGIN AND ITS PROPERTIES, AND
APPLICATION OF THESE INVESTIGATIONS TO INTERPLANETARY MISSIONS
INVOLVING COMEr AND ASTEROID INTERCEPTS. RENDEZVOUS AND SIMPLE
RETURN. ASTRONOMICAL OBSERVATIONS OF THE COMETS, ASTEROIDS, ZODIACAL
LIGHT AND GEGENSCHEIN TO DETERMINE THE MORPHOLOGY, SPECTRAL
CHARACTERISTICS, POLARIZATION AND EVOLUTIONARY PROPERTIES. THE
OBSERVATIONS INVOLVE BOTH GROUND BASED OBSERVATIONS AND OBSERVATIONS
FROM AIRCRAFT AND BALLOONS. THE CHEMICAL AND PHYSICAL NATURE OF
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ENSEMBLES OF GASES. PLASMAS AND MICRO-PARTICLES IS STUDIED IN TKE
LABORATORY AND IN SPAeE e AND 8t RELEASES IN SPACE OF CLOUDS OF GASES.
PLASMAS g AND SMALL DUST PARTIClES.
RTOP NO. 188- 45- 52 TITLE: ME"IEOR PHYSICS - SPECT RAL PA TROL
ORGANIZATION~ LANGLEY RESEARCH CENTER
MONITOR: NELSON. C~ H~ TEL. 703~827-2893
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS RESEARCH ARE~ 1. TO MEASURE THE
COMPOSITION AND MASS OF METEOROIDS IN THE .OO~1 TO 1 GRAM MASS BANGE;
2. TO ANALYZE METEOR RADIATION PROCESSES; AND. 3. TO MEASURE
FLUXATIONS IN THE METEORID IiPLOW FIElDoll DETERMINATIONS OF A "TYPICAL
METEOROID COMP:)SITION" AND OF THE DISTRIBU·TION OF DIFFERENT METEOROID
COMPOSITIONS WILL BE MADE.
RTOP NO. 188-45-52 TITLE: METEOR ASTRONO..MY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: DUBIN y M. TELa 202-962~2847
TECHNICAL SUMMARY
THE OBJECTIVES OF THE METEOR ASTBONO~Y RESEARCH INCLUDE~
DETERMINATION OF THE CHARACTERISTICS a COMPOSITION g POPULATION
DISTRIBUTION OF METEOROIDS. STUDY OF THE PHYSICAL REACTIONS OF
METEOROIDS IN THE ATMOSPHERE g CONTRIBUTIONS TO THE STRUCTURE OF THE
ATMOSPHEREu AND THE ENTRY BALLISTICS OF A BODY INTO A PLANETARY
ATMOSPHERE. METEOR ASTRONOMY IS THE OBSERVATIONAL STUDY OF SOLID
BODIES AND METEOROIDS IN THE SOLAR SYSTEM FROM THE ACTION DURING THE
ENTRY INTO THE EARTH'S ATMOSPHERE. FROM THESE OBSERVATIONS THE
METEORS~ TRACK w THE VELOCITY e THE SPECTROSCOPIC CHARACTERISTICS. THE
ORBITS, THE POPULATION DISTRIBUTION, MASS D~STRIBUTIONg STRUCTURE AND
COMPOSITION MAY BE DETERMI~ED. THE OBSERVATIONAL METHODS INCLUDE
PHOTOGRAPHIC AND IMAGE INTENSIFIER OBSERVATIONS OF METEORS, INCLUDING
USE OF SPECTROGRAPHIC EQUIPMENT AND OBSERVATIONS WITH RADAR AND
LASERS. THE RESEARCH ON METEORS IS CONCENTRAJED ON THE EXTREMES OF A
METEOR MAGNITUDE SCALE, THE VERY BRIGHT METEORS WITH MASSES OF A FEW
KILOGRAMS TO T)NS, AND THE MINUTE PARTICLES OBSERVED WITH RADAR AND
LASER BEAMS. THE OBSERVATIONS OF THE INTERACTIONS OF THE BRIGHT
METEORS WITH THE ATMOSPHERE GIVE STRUCTURAL INFORMATION AND
COMPOSITION FROM SPECTROSCOPIC OBSERVATION. IN SOME CASES THE BRIGHT
METEORS ARE THE SOURCE OF THE RECOVERY OF COSMIC DUST PARTICLES BY
SEARCHING THE IMPACT REGION OR BY CAPTURED USING AIRCRAFT COLLECTION
SYSTEMS, SHORTLY AFTER A FIREBALL PASSAGE.
RTOP NO. 188- 45-53 TITLE: COSMIC DUST RESEARCH
ORGANIZATION: NASA HEADQUARTERS
MONITOR: DUBIN g M. TEL. 202~962-2847
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS THE UNDERSTANDING OF THE
NATURE AND ORIGIN OF CONDENSED MATTER IN TffE SOLAR SYSTEM~ THIS
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COSMIC DUST RESEARCH AREA INVCLVES: DETECTION AND COLLECTION OF ,
MATERIAL OF COSMOLOGICAL SIGNIFICANCE, ANALYSIS OF COSMIC DUST
MATERIAL FOR STRUCTURE, COMPOSITION AND ISOTOPE, DISTRIBUTION, AND
DEVELOPMENT OF INSTRUMENTS AND TECHNIQUES FOR COLLECTIONS AND
ANALYSIS, THE DESIGN OF INSTRUMENTS FOR FLIGHT ON PROBES AND
SATELLITES, AND THE DESIGN OF COLLECTION SYSTEMS IS INCLUDED IN THIS
RESEARCH. THESE COLLECTION SYSTEMS ARE OFTEN CARRIED ON BALLOON AND
AIRCRAFT, WITH AIRCRAFT BEING OF SPECIAL USE IN COLLECTIONS FOLLOWING
THE PASSAGE OF A FIREBALL. THE DETAILED ANALYSIS OF THE COMPOSITION
IS RELATED TO OBSERVATIONS OF. COMETS, ASTEROIDS, METEORS, AND THE
COMPOSITION OF SOLAR NEBULA. THE IDENTIFICATION OF THE VOLATILE
COMPONENT, THE EXISTENCE OF COMPLEX ORGAlnC MOLE::::ULES, AN
INTERSTELLAR SIGNATURE, AND ANY CONNECTION TO BIOGENIC EVOLUTION ARE
IMPORTANT ELEMENTS OF THE ANALYSIS. THE ANALYSIS INCLUDES THE USE OF
ELECTRON AND SfEREOSCAN MICROSCOPY X-RAY DIFFRACTION, ISOTOPIC
ANALYSIS, AND MINERALOGICAL-PETROGRAPHIC MICROPROBES.
RTOP NO. 188-45-53 TITLE: COSMIC DUST RESEARCH
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: WALTER, L. S. TEL. 301-982-2282
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH WILL BE TO UNDERSTAND THE NATURE
AND ORIGIN OF rHE CONDENSED MATTER DF THE SOLAR SYSTEM. IN THIS
EFFORT, A MULTI-DISCIPLINARY APPROACH WILL BE APPLIED WHICH WILL
INVOLVE: A.· DETECTION AND COLLECTION OF MATERIAL OF COSMOLOGICAL
SIGNIFICANCE 1. ANALYSIS OF MICRO METEOROID FLUX DATA FROM
EXPERIMENTS/SU:H AS THAT FLOWN ON THE PIONEER SATELLITE 2.
PARTICIPATION IN SEARCHES FOR FRESHI.Y FALLEN METRDRITES DETECTED BY
THE PRARIE NETWORK SYSTEM WHICH IS OPERATED BY SAO. B. ANALYSIS OF
MATERIAL OF COSMOLOGICAL SIGNIPICANCE WHEN IT IS RETURNED TO THE
LABORATORY. 1. MINERALOGICAL/PETROGRAPHIC (INCLUDING MICROPROBE)
ANALYSIS. 2. CHEMICA!' ANALYSIS (BOTH "WET" AND TRACE ELEMENT
ANALYSIS). 3. ISOTOPIC ANALYSIS:
RTOP NO. 188-45-53 TITLE: COSMIC DUST MEASUREMENTS
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
TO PERFORM CHEMICAL ANALYSES OF EXTRATERRE$TRIAL MATERIAL
(INVOLVING MAJ3R ELEMENT, TRACE ELEMENT AND ISOTOPIC DETERMINATIONS)
ENABLING INTERPRETATION OF THE NATURE AND ORIGIN OF COSMIC DUST AND
METEORITES. A LASER MICROPROBE WILL BE USED IN THIS WORK TO EXCITE
SPECTRAL EMISSION FROM COSMIC DUST GRAINS AN..D METEORITE MINERALS AS A
MEANS OF STUDYING MAJOR AND TRACE ELEMENT CONTENT. ION MICROPROBE
AND ELECTRONPR1BE TECHNIQUES WILL ALSO BE APPLIED TO DETERMINE
ISOTOPE RATIOS IN AND MAJOR ELEMENT CONTENTS OF EXTRATERRESTRIAL
MATERIALS. A DIRECT-READING PROBE (ONE USING PHOTOMULTIPLIER TUBES)
HAS NOW BEEN DESIGNED AND BUILT AND HAS PROVEN TO BR A MUCH ~ORE
SENSITIVE AND PRECISE METHOD THAN FILM RECORDING OF ELEMENTAL LINE
INTENSITIES. PRE-AMPS, AMPLIFIERS, ANALOG-TO-DIGITAL CONVERTERS AND
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SCALERS ARE CURRENTLY BEING PURCHASED AND INTEGRATED w AND A COMPLETED
SYSTEM, CAPABLE OF REGISTERING AND PRINTING OUT INTENSITIES OF TEN OR
MORE ELEMENTS SIMULTANEOUSlY~ IS EXPECTED TO BE IN ROUTINE OPERATION
BY DECEMBER 1971e
TEL. 202-962-1981
TITLE: LOW ENERGY COSMIC RAYS
HEADQUARTERS·
A. G.
RTOP NO. 188-46-51
ORGANIZATION: NASA
MONITOR: OPP F
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO STUDY THF. COMPOSITION AND
PROPAGATION OF SOLAR AND GALACTIC COSMIC RAYS WITH ENERGIES LESS THAN
10 BEV. THE PRIMARY GALACTIC RADIATION REPRESENTS THE DIRECT
PENETRATION OF MATERIAL FROM THE GALAXY INTO THE SOLAR SYSTEtJL THE
STUDY OF THE NUCLEAR COMPOSITlON AND ENERGY OF THIS MATERIAL PROVIDES
DIRECT EVIDENCE ON THE STELLAR PROCESSES WHICH CREATED THE COSMIC
RADIATION AND _INFORMATION ON THE INTERSTELLAR MATERIAL m THROUGH
WHICH THE COSMIC RADIATION HAS PASSEDo THE TOTAL ENERGY CONTENT OF
THE GALACTIC CJSMIC RAY GAS IS HIGH, AND IT IS BELIEVED TO BE A MAJOR
FACTOR IN THE STABILITY OF A GALAXYo THE OBSERVATION OF SOLAR COSMIC
RAYS PROVIDES INFORMATION ON THE ABUNDANCES OF DIFFERENT ELEMENTS IN
THE SUN AND INFORMATION ON THE SOLAR PROCESSES WHICH ACCELERATE THE
COS~IC RAY PARTICLES TO THEIR CBSERVED ENERGIESo SIMILARLY B THE
MEASUREMENT OF SOLAR NEUTRONS WILL GIVE INFORMATION ON THERMONUCLEAR
REACTIONS IN TH~ SUN AND MECHANISMS RESPONSIBLE FOR ACCELERATING
CHARGED PARTICLES IN SOLAR FLARESo IT IS ALSO NECESSARY TO BE ABLE
TO ASSESS THE HAZARD OF SOLAR FLARE PARTICLE BURSTS ON ASTRONAUT
OPERATIONS AND ON THE OPERATION OF RADIATION-SENSITIVE SPACECRAFT
COMPONENTS. THE COSMIC RAY PARTICLES CONSIDERED HERE CAN BE OBSERVED
BY ShLID-STATE DETECTORS~ SCINTILLATORS, NUCLEAR EMULSIONS AND
SIMILAR NUCLEAR DETECTORS. FUNDS PROVIDE~ HERE ARE UTILIZED TO
CO~DUCT LABORArORY AND BALLOON TESTS OF NEW INSTRUMENT CONCEPTS AS
WELL AS FOR THEORETICAL STUDIES OF COSMIC RAY PHENOMENAQ
RTOP NO .. 188- 46-51 TITLE: LOW ENERGY COSMIC RAYS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR~ MCDONALD g F. B. TELo 301-982-4801
TECHNICAL SUMMARY
THE TECHNICAL OBJECTIVE OF THIS TASK IS THE DEVELOPMENT OF NEW
DETECTOR SYSTEMS TO DETERMINE THE PROPERTIES OF SOLAR AND GALACTIC
COSMIC RAYS AND THE ASSOCIATED DEVELOPMENT OF THEORETICAL STUDIES
RELATED TO THESE EXPERIMENTS. SPECIFIC GOALS ARE ENUMERATED AS
FOLLOWS: (I) THE DEVELOPMENT OF A HIGH RRSOLUTION DETECTOR SYSTEM
COMBINING SUPERCONDUCTING MAGNETS AND NUCLEAR EMULSIONS TO CONDUCT
EXPERIMENTS WHICH WOULD MEASURE THE SEPARATE ABUNDANCE OF THE
ISOTOPES OF THE ELEMENTS FROM LI THROUGH C IN COSMIC RADIATION IN THE
ENERGY REGION FROM ABOUT 100 TO 400 MEV/NUCLEON. (II) THE
DEVELOPMENT OF A LARGE AREA DETECTOR TO OBTAIN THE FIRST MEASUREMENTS
OF THE SPECTRA OF HEAVY (Z IS GREATER THAN OR EQUAL TO 3) GALACTIC
COSMIC RAYS AT LOW ENERGIES 2 IS LESS THAN OR EQUAL TO EWHICH IS LESS
THAN OR EQUAL ro 30 MEV/ NUCLEON. (III) THE DEVELOPMENT OF DETECTORS
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ENERGY GALACTIC COSMIC RAYS
CENTER
TEL. 703-827-2893
TO MEASURE THE TRUE INTENSITY OF COSMIC RAYS IN INTERSTELLAR SPACE ON
DEEP SPACE MISSIONS. (IV) IMPROVED MEASUREMENTS OF THE DIFFERENTIlfL
INTENSITIES OF _POSITIVE AND NEGATIVE COSMIC RAY ELECTRONS WITH
ENERGIES FROM 20 MEV TO 20 GEV. DETECTORS WILL BE DESIGNED q
CONSTRUCTED v AND TESTED IN OUR LABORATORIES. DETECTOR BEHAVIOR WILL
BE EXPLORED USING PARTICLE ACCELERATOR BEAMS AND OTHER DEVICES.
BALLOON FLIGHTS WILL BE CARRIED _OUT BOTH FOR THE PURPOSE OF DETECTOR
DEVELOPMENT AND OBTAINING NEW SCIENTIFIC INFORMATION.
RTOP NO. 188-46-51 TITLE: COSMIC RAY PHYSICS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: KURZ, R. J. TEL. 713-483-5171
TECHNICAL SUMMARY
EXPERIMENTAL RESEARCH ON THE GALACTIC COSMIC RADIATION.
OBJECTIVES ARE THE MEASUREMENT OF THE COMPOSITION AND ENERGY
DISTRIBUTION OF THE COSMIC RADIATION IN ORDER TO PROVIDE INFORMATION
OF ASTROPHYSICAL SIGNIFICANCE WHERE LITTLE EXISTS AT PRESENT. TWO
MAJOR SUBPROGR~MS PURSUING DIFFERENT TECHNICAL APPROACHES ARE: THE
COSMIC RAY EMULSION-PLASTIC EXPERIMENT (CREPE), AND THE
SUPERCONDUCTING MAGNET EMULSICN SPECTROMETER SYSTEM (MESS). MESS IS
A HIGH-RESOLUTION STUDY OF THE RIGIDITY _RANGE OF 10 TO THE 10TH
POWER TO 10 TO THE 12TH POWER V, AND CREPE IS AN INVESTIGATION OF THE
VERY HIGH ATOMIC NUMBER (Z IS GREATER THAN 75) COMPOSITION AT
RIGIDITIES ABOVE 2 X 10 TO THE 9TH POWER V. PRESENT EXPERIMENTS ARE
PERFORMED ON HIGH-ALTITUDE BALLOON. SPACE FLIGHT EXPERIMENTS WILL BE
PROPOSED WHEN SUITABLE FLIGHT OPPORTUNITIES BECOME AVAILABLE.
RTOP NO. 188-46-51 TITLE~ LOW
ORGANIZATION: LANGLEY RESEARCH
MONITOR: NELSON, C. H.
TECHNICAL SUMMARY
TO STUDY THE SPACE RADIATION ENVIRONMENT AND INVESTIGATE THE
METHODS OF ITS PRODUCTION AND PROPAGATION. THE STUBY WILL INCLUDE
THE MEASUREMENT OF THE ABUNDANCE AND ENERGY DISTRIBUTION OF THE
INTERMEDIATE MASS COMPONENTS OF GALACTIC COSMIC RAYS WITH ENERGIES
LESS THAN ABOUT 150 MEV/NUCLEON, ANALYSIS OF DATA OBTAINED THROUGH
SIMILAR MEASUREMENTS v AND EVALUATION OF VARIOUS MODELS THET TRY TO
EXPLAIN THE DATA. TO MEASURE THE LOW ENERGY GALACTIC COMPONENT A
CHARGED PARTICLE IDENTIFICATION/ENERGY SPECTROMETER SYSTEM WILL BE
DEVELOPED. THE SYSTEM WILL HAVE A HIGH RESOLVING POWER IN MASS AND
ENERGY FOR NUCLEI OF INTERMEDIATE MASS. IT WILL EMPLOY A DE/DX
COUNTER TELESCJPE AND A TIME-OF-FLIGHT CIRCUITRY. IT WILL BE
DESIGNED FOR USE ON SATELLITES OR _SPACE PROBES. GROUND BASED ALPHA
AND HEAVIER ION ACCELERATOR FACILITIES WILL BE USED THROUGHOUT THE
DEVELOPMENT STAGE. THE SAME FACILITIES WILL BE USED TO CALIBRATE THE
INSTRUMENT PRIOR TO FLIGHT EXPERIMENTS.
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RTOP NO o 188-46-52 TITLE: HIGH ENERGY COSMIC RADIATION
ORGANIZATION: GODDARD SPACE FLIGHT CENTER I
MONITOR~ MCDONALD g Po Bo TEL. 301~982~4801
'TECHNICAL StHiMA RY
THE TECHNI:AL OBJECTIVE IS TO MEASURE THE ENERGY DISTRIBUTION
AND THE CHARGE AND MASS COMPOSITION OF THE SEVERAL COMPONENTS OF THE
PRIMARY COSMIC RADIATION HIGH ALTITUDE FROM BALLOONS. THESE
COMPONENTS _INCLUDE BOTH ELECTRONS AND NUCLEI FROM HYDROGEN TO IRON g
LEAD g URANIUM, AND BEYOND. THE RESULTS WILL BE USED IN ASTROPHYSICAL
CONSIDERATIONS CONCERNING THE ORIGIN v ACCELERATION g AND PROPAGATION
OF COSMIC RADIATIONo THE PROPERTIES OF CHARGE MEASURING DEVICE5 0
DIRECTION AND _DETECTING DEVICES AND TOTAb IONIZATION SPECTROMETERS
WILL BE CALIBRATED ON THE GROUND AND STUDIED AT BALLOON ALTITUDESo
TELe 202-962~1987
TITLE: HIGH ENERGY COSMIC RAYS
HE ADQU ARTERS
A. Go
RTOP NO. 188-46-52
ORGANIZATION~ NASA
MONITOR~ OPP u
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO STUDY THE COMPOSITION ~~D
PROPAGATION OF PRIMARY COSMIC RADIATION GREATER THAN 10 BEV IN
ENERGY. COSMIC RAYS IN THE ENERGY RANGE PROVIDE INFORMATION ON VERY
HIGH ENERGY PROCESSES OCCURRING IN STELLAR REACTIONSo THE ENERGY OF
SOME COSMIC RAY PARTICLES PRESENTLY EXCEEDS THE ENERGIES AVAILABLE
FROM GROUND-BASED ACCELERATORS. VERY HIGH ENERGY NUCLEAR PARTICLE
INTERACTIONS g WHICH CANNOT BE STUDIED IN TERRESTRIAL LABORATORIES q
CAN BE STUDIED IN SPACE. THE HIGH ENERGY OF THESE PARTICLES REQUIRES
LARGE SOPHISTICATED INSTRUMENTATION TO DEFINE THE CHARACTERISTICS OF
THE COS MIC RAY PARTICLE AND TO AN lU,YZE THE RESULTING INTEREl.CTION 0
THESE EFFECTS ARE _STUDIED WITH INSTRUMENTS SUCH AS IONIZATION
SPECTROMETERS~ TOTAL ABSORPTION CASCADE DETECTORS AND TRANSITION
RADIATION DETECTORS. THE SIZE AND COMPLEXITY OF THESE INSTRUMENTS
REQUIRES EXTENSIVE DEVELOPMENT AND BALLOON TESTING PRIOR TO FLIGHT ON
A SPACECRAFT.
RTOP NO" 18 8- 46~ 53 T ITLE ~ HIGH ENERGY ASTROPHY SICS
ORGANIZATION: JET PROPULSION LABORATORY -
MONITOR: BURCHAMe Do P. TEL. 213-354-3028
TECHNICAL SUMMARY
THIS DESCRI~ES THE JPL PART OF A COOPERATIVE PROGRAM WITH UCSD
IN X- AND GAMMA-RAY ASTRONOMYo THE OBJECTIVE IS TO OBSERVE LINE
SPECTRA IN EXTRA-TERRESTRIAL X-RAY AND GAMMA RAY SOURCES IN THE 0005
TO 10 MEV ENERGY RANGE. OBSERVATION OF SUCH SOURCES WOULD PROVIDE
IMPORTANT ~IFORMATION ON NUCLEOSYNTHESIS. GALACTIC HISTORY f AND THE
NATURE OF COSMIC X-RAY SOURCES$ UNDER THIS PROGRAM g GAMMA RAY
SENSORS WalCH _HAVE BEEN DEVELOPED FOR LUNAR MISSIONS WILL BE ADAPTED
TO BALLOON,FLI~HT SYSTEMS FOR CARRYING OUT ASTRONOMICAL OBSERVATIONS
WHILE SIMULTANEOUSLY STUDYING THEIR PROPERTIES AND ~ERFORMANCE IN A
SPACE-LIKE RADIATION .. ENVIRONMENT. THE SPECIFIC OBJECTIVE FOR THIS
PROGRAM FOR FY~72 IS TO INTEGRATE AN ADVANCED SOLID ST~TE DETECTOR
ARRAY g ITS CESIUM _IODIDE SHIELD~ PULSE-HEIGHT ANALYZER o AND DATA
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TITLE: GRlATER THAN 10 KEV X-RAY ASTRONOMY
HEADQUARTERS '
A. G. TEL. 202-962-1987
HANDLING ELECTRONICS INTO A BALLOON-FLIGHT SYSTEM AND PERFORM A
BALLOON FLIGHT IN THE LAST PART OF FY'72, OR FY'73.
RTOP NO. 188-46-53
ORGANIZATION: NASA
MONITOR: OPP,
TECHNICAL SUMMARY
SEVERAL X-RAY SOURCES HAVE BEEN IDENTIFIED, WHICH HAVE SPECTRA
EXTENDING INTO THE TENS OF KEV ENERGY RANGE. IN ADDITION, A DIFFUSE
X-RAY BACKGROUND HAS BEEN IDENTIFIED. THE BACKGROUND IS PREDICTED TO
ORIGINATE FROM A COMBINATION OF CONTRIBUTION FROM DISCREET SOURCES
AND A CONTRIBUfION FROM THE INTERACTION OF HIGH ENERGY COSMIC RAY
ELECTRONS WITH THE 2.7 DEGREES K BACKGROUND RADIATION. THE SPECTRA
OF THE _DISCREET SOURCES AND THE SPECTRA AND CELESTIAL DISTRIBUTION
OF THE X-RAY BACKGROUND WILL PROVIDE INFORMATION ON STELLAR PROCESSES
AS WELL AS ON PHYSICAL PROCESSES IN GALACTIC AND EXTRAGALACTIC SPACE.
SOLID-STATE DETECTORS AND LARGE INORGANIC SCINTILLATORS HAVE BEEN
USED FOR MEASUREMENTS IN THIS ENERGY REGION. SOLID-STATE DETECTORS
GENERALLY MUST BE COOLED AND LARGE SCINTILLATORS ARE RELATIVELY
FRAGILE IN THE SPACE AND LAUNCH ENVIRONMENTS. TECHNICAL DE~ELOPMENT
IS REQUIRED TO PERFECT THESE SENSORS FOR SPACE USE.
RTOP NO. 188- 46-54 TITLE: GAMMA RAY ASTRONOMY
ORGANIZATION: GODDARD SPACE FLIGHT CENTER "
MONITOR: FICHTEL, C. E. TEL. 301~98'2-6281
TECHNICAL SUMMARY
THE TECHNI:AL OBJECTIVE IS TO DEVELOP THE MOST APPROPRIATE
DETECTOR SYSTEMS FOR THE OBSERVATION OF THE ASTROPHYSICAL SOURCES OF
VERY ENERGETIC PHOTONS. THE APPROACH HAS BEEN DIVIDED INTO SEVERAL
DIFFERENT PARTS. THE FIRST APPROACH TO THE GENERAL PROBLEM OF
GAMMA-RAY ASTRJNOMY WAS THE DEVELOPMENT OF A LARGE TELESCOPE USING
DIGITIZED SPARK CHAMBERS TO BE TESTED ON HIGH ALTITUDE BALLOONS AND
THEN FLOWN ON SATELLITES. OTHER APPROACHES TO DETECTOR SYSTEMS ARE
NOW BEING PURSUED _BOTH FOR THE HIGH ENERGY GAMMA RAYS AND
INTERMEDIATE GAMMA RAY STUDIES. A MEDIUM ENERGY GAMMA RAY DETECTOR
IS BEING DESIGNED AND BUILT. _ A UNIQUE FEATURE OF THIS SYSTEM IS ITS
HIGH TIME RESOLUTION WHICH WILL PERMIT THE TAGGING OF SEVERAL GAMMA
RAYS DURING A SHORT (MICROSECONDS) PULSE AS MIGHT BE EXPECTED FROM A
SUPERNOVA OUTBURST. IN ADDITION, A CLOSELY-SPACED MULTI-WIRE
PROPORTIONAL COUNTER IS BEING DEVELOPED. ALSO IMPROVEMENTS IN THE
SPARK CHAMBER SYST~MS ARE CONTINUING, AND METHODS FOR ACCURATE
TIMING ARE BEING DEVELOPED FOR A SEARCH FOR DISCRETE SOURCE EMISSION
OF GAMMA RAYS AT PULSAR PERIODICITIES. IN ADDITION, A COMPLEMENTARY
GROUND-BASED DETECTOR SYSTEM IS BEING CONSTRUCTED A~D OPERATED TO
SEARCH FOR ATMOSPHERIC FLUORESCENCE WHICH WOULD BE GENERATED BY
PHOTON PULSES. THESE PULSES ARE EXPECTED TO RESULT FROM
EXTRA-GALACTIC SUPERNOVA, AND THEIR DETECTION WOULD STRONGLY SUGGEST
THAT SUPERNOVA ARE THE PRINCIPAL SOURCES OF COSMIC RAY PARTICLES.
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TELo 202~962-1987
TITLE: GAMMA-RAY ASTRONOMY
HEADQUARTERS,
A. G.
R'.l:'OP NO & 188- 46-54
ORGANIZATION: NASA
MONITOR: OPP w
TECHNICAL SUMMARY
GAMMA-RAY PHOTONS RESULT FROM A NUMBER OF PHYSICAL PROCESSES&
THESE PROCESSES CAN FURNISH INFORMATION ON THE SYNTHESIS AND
DISTRIBUTION OF ELEMENTS TN THE UNIVERSE, ON THE MAGNETOPLASMA
ENVIRONMENT OF A STAR~ ON THE CONDENSATION AND INTERACTION OF
INTERSTELLAR MATERIAL WITH RADIATION. A5 WELL AS OTHER
ASTROPHYSICALLY IMPORTANT PARAMETERSv GAMMA RAYS, WHICH ARE
UNDEFLECTED BY MAGNETIC FIELDS, TRAVEL DIRECTLY FROM THEIR SOURCES,
AND ANISOTROPIES IN THE DIRECTION OF ARRIVAL OF THE PHOTONS GIVES
INFORMATION ON THE LOCATION OF THE GAMMA-RAY SOURCES& THE HIGH
GAMMA-RAY BACKGROUND OF THE EARTH AND THE HIGH ENERGY OF SEVERAL OF
THE GAMMA RAYS OF INTEREST REQUIRES SOPHISTICATED INSTRUMENTATION
CAPABLE OF ABSORBING HIGH ENERGY PHOTONS WITH SATISFACTORY
DIRECTIONALITY AND SHIELDING TO PROTECT AGAINST BACKGROUND AND TO
DETERMINE THE DIRECTION OF ARRIVAL OF THE PHOTON. INSTRUMENTATION
USED FOR THESE INVESTIGATIONS ARE SPARK CHAMBERS, LARGE INORGANIC
SCINTILLATORS AND CERENKOV COUNTERS o THE PRIMARY OBJECTIVE OF THIS
TASK IS TO DEVELOP THESE DETECTORS. SUCH THAT UNAMBIGUOUS
MEASUREMENTS OF HIGH ENERGY PHOTONS CAN BE MADE IN SPACE.
RTOP NO. 188-78-51 TITLE: ADVANCED TECHNOLOGICAL DEVELOPMENT GENERAL
ORGANIZATION: NASA HEADQUARTERS
MONITOR: AUCREMANNE w M. J~ TEL. 202-962-1983
TECHNICAL SU ARY"'
IN ORDER TO CARRY OUT MORE SOPHISTICATED SPACEBORNE ASTRONOMICAL
AND PHYSICAL OBSERVATIONS IT IS NECESSARY TO IDENTIFY TECHNOLOGICAL
REQUIREMENTS AND ESTABLISH SUITABLE RESEARCH AND DEVELOPMENT PROGRAMS
TO OVERCOME THESE DEFICIENCIES. ALBEIT NO ONE SPECIFIC TECHNOLOGY IS
CONSIDERED w THEY RANGE FROM SPACE PHYSICS TECHNOLOGY TO THERMAL
STUDIES ON THE PRIMARY MIRROR OF SOLAR TELESCOPES, TO X-RAY IMAGING
AND DETECTION SYSTEMS, TO DIGITIZED ELECTRONIC IMAGING SYSTEMS OF
STELLAR PHENOMENA.
RTOP NO 0 188-78- 5 7 TITLE: LARGE SPACE TELESCOPE/ATD
ORGANIZATION: NASA HEADQUARTERS '.',.,-'..c,,"
MONITOR: AUCREMANNE, M. J. TEL. 202-962-1983
~ECHNICAL SUMMARY
DEVELOPMENT OF THE LARGE SPACE TELESCOPE IS FUNDAMENTAL TO THE
OBJECTIVES OF THE ASTRONOMY RESEARCH PROGRAM. IT IS ESSENTIAL THAT
NORMAL INCIDENCE IMAGE FORMING SYSTEMS OPERATING WITH MAXIMUM SPATIAL
AND SPECTRAL RESOLUTION IN THE IR, VISIBLE, AND ULTRA VIOLET REGIONS
BE EVOLVED. THESE INSTRUMENTS WILL BE REQUIRED TO DETECT AND PRESENT
ASTRONOMICAL DATA I~ EXTREME FIDELITY. IN ORDER TO ACCOMPLISH THIS IT
WILL BE NECESSARY TO DEVELOP A SERIES OF INSTRUMENTS THAT BOTH
ACCOMPLISH THEIR SCIENTIFIC OBJECTIVE AND AT THE SAME TIME PROVIDE
TECHNOLOGICAL DATA TO PERMIT A BURGEONING CAPABILITY. IN ORDER TO
FULLY UTILIZE SUCH ADVANCED TELESCOPES IT WILL BE NECESSARY TO
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CONCURRENTLY DEVELOP SUITABLE ELECTRONIC IMAGE SENSING SYSTEMS.
RTOP NO. 188~78-58 TITLE: LARGE SPACE TELESCOPE SYSTEMS STUDIES
ORGANIZATION~ NASA HEADQUARTERS
MONITOR: AUCREMANNE q M. J. TEL. 202-962-1983
TECHNICAL SUMMARY
THE LARGE SPACE TELESCOPE (LST) WILL BE A GENERAL PURPOSE.
MULTIPLE OBSERVING ASTRONOMICAL INSTRUMENT HAVING BETWEEN A TWO AND
THREE-METER PRIMARY MIRROR. A LAUNCH IS PLANNED FOR THE 1977-8 TIME
PERIOD WHICH WILL LEAD TO THE ULTIMATE THREE~METER CLASS DIFFRACTION
LIMITED TELESCOPE BY THE EARLY 1980 9 5. THIS MULTIPLE PURPOSE
OBSERVING INSTRUMENT WILL MAKE POSSIBLE THE CONTINUOUS COVERAGE OF
THE SPECTRUM FROM ABOUT 900 ANGSTROM TO 10 MICRONS IN WHICH IT WILL
PROVIDE NOT ONLY IMAGERY BUT SPECTROPHOTOMETRY y AND POLARIZATION
MEASUREMENTS. THE LST WILL BE IN EARTH ORBIT AND OPERATED AS A
NATIONAL FACILITY. APPROPRIATE COMBINATION OF REDUNDANCY AND MANNED
MAINTENANCE THROUGH SPACE STATION AND SHUTTLE OPERATIONS WILL KEEP
THE LST IN USE NEARLY CONTINUOUSLY FOR A MINIMUM OF A DECADE.
ESTABLISHMENT JF THE LST REPRESENTS A MAJOR STEP FORWARD BOTH IN
SCIENTIFIC INVESTIGATIONS AND TECHNOLOGICAL DEVELOPMENT. ITS
MULTIPLE SCIENTIFIC CAPABILITIES o HIGHLIGHTING ITS POSSIBLE UNIQUE
CONTRIBUTIONS TO COSMOLOGY HAVE BEEN DOCUMENTED BY THE NATIONAL
ACADEMY OF SCIENCES g SPACE SCIENCE BOARD COMMITTEE ON THE LARGE SPACE
TELESCOPE. THE ASTRONOMY MISSIONS BOARD HAS RECOMMENDED THIS PROJECT
AS THE NEXT MAJOR STEP IN SPACEBORNE OPTICAL ASTRONOMY WHICH SHOULD
BE TAKEN TO BUILD ON THE INFORMATION AND TECHNOLOGY TO BE ACHIEVED BY
THE CURRENTLY APPROVED FLIGHT fROGHAMo
RTOP NO. 188-78-59 TITLE~ SORTIE/SKYLAB SYSTEMS & lTD
ORGANIZATION: NASA HEADQUARTERS
MONITOR: AUCREMANNE. M. J. TEL. 202-962-1983
TECHNICAL SUMMARY •
THERE WILL BE A GROUP OF FOUR INSTRU~ENTS AND THE ASSOCIATED
STABILIZED PLArFORM TO CONDUCT SOLAR AND STELLAR OBSERVATIONS FROM
THE SPACE SHUTTLE. THESE DEVICES WILL BE ADAPTIONS OF OTHERS BUILT
FOR THE ATM, STRATOSCOPE BALLOON. DAD, SAS, ETC. CONSIDERATION IS
BEING GIVEN TO A 65 CM PHOTOHELIOGRAPH. A ONE-METER ULTRAVIOLET
MANNED ASTRONO~Y TELESCOPE (MAST) OR (GEP), A ONE METER IMAGER OF THE
STRATOSCOPE TYPE g AND AN IMAGING X-RAY INSTRUMENT. THESE INSTRUMENTS
WILL PERMIT MEASUREMENTS OF DYNAMIC PHENOMENA OVER A WIDE SPECTRAL
RANGE. THE SORTIE CONCEPT IS PARTICULARLY ADAPTED TO THE SPACE
SHUTTLE WITH ITS HIGH RATE OF LAUNCH ALLOWING INVESTIGATIONS OF.
TA~GETS OF OPPJRTUNITY g E.G., SOLAR PLARES. PRIMARY EMPHASIS IN FY
1972 WILL BE PLACED UPON THE PLATFORM DESIGN REQUIREMENTS AND SHUTTLE
INTERFACES.
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RTOP NOo 192-55-61 TITLE: PLANETARY BIOLOGY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: YOUNG, R. S~
TECHNICAL SUMMARY
CHEMICAL EVOLUTION IS THE LABORATORY STUDY OF THE NON-BIOLOGICAL
SYNTHESIS OF BIOLOGICALLY SIGNIFICANT ORGANIC MOLECULES UNDER
CONDITIONS PRESUMED TO HAVE EXISTED ON THE PRIMITIVE EARTH OR ANY
PRIMITIVE PLANET BEFORE THE EVENT OF LIFE. THE STUDY IS RELEVANT TO
UNDERSTANDING rHE ORIGIN AND EVOLUTION OF LIFE. EXPERIMENTS RELEVANT
TO PREBIOLOGIC~L ORGANIC CHEMISTRY CAN IN PRINCIPAL EXPLAIN THE
PROCESSES BY WHICH PRIMITIVE CELLS COULD HAVE ORIGINATED ON THEOF
EVOLUTIONARY PUZZLES, THE ORIGIN OF LIFE, TAKES ORIGIN OF tIFE, TAKES
ON A NEW IMMEDIACY IN LIGHT OF RECENT LABORATORY ADVANCES AND
EXPERIMENTS WHICH HAVE A DIFFERENT APPROACH BUT HAVE THE SAME COMMON
DENOMINATOR, I.E., PATHWAYS BY WHICH BIOLOGICALLY SIGNIFICANT
MOLECULES AROSE PRIOR TO LIFE.
RTOP NO. 192-55-62 TITLE~ PLANETARY BIOLOGY
ORGANIZATION: NASA HEADQUARTERS
MONITOR:: YOUNG g R. S. TEL. 202-962-5178
TECHNICAL SUMMARY
ORGANIC GEJCHEMISTRY IS THE STUDY OF ANCIENT TERRESTRIAL ROCKS
FOR ORGANIC MOLECULES AND INCLUSIONS OF BIOLOGICAL ORIGIN. THE
DEVELOPMENT OF TECHNIQUES FOR THE ISOLATION OF ORGANIC MATTER AND
DISTINGUISHING ORGANIC MATTER OF BIOLOGICAL ORIGIN FROM THAT OF
NON-BIOLOGICAL ORIGIN. THE APPLICATIONS OF SUCH TECHNOLOGY TO
RETURNED EXTRATERRESTRIAL SAMPLES.
RTOP NO. 192-55-63 TITLE: PLANETARY BIOLOGY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: YOUNG, R. S. TELo 202-962-5178
TECHN1CAL SUMMARY
THE DEVELOPMENT TECHNIQUES FOR THE DETECTION OF EXTRATERRESTRIAL
LIFE AND LIFE RELATED MOLECULES, INCLUDING EVIDENCE OF LIFE, PAST,
PRESENT OR FUTURE THROUGH THE SEARCH FOR ORGANIC MOLECULES OF
BIOLOGICAL OR NON-BIOLOGICAL ORIGIN, METABOLIC ACTIVITY, GROWTH AND
REPRODUCTION g AND VISUAL IDENTIFICATION~
RTOP NO. 192- 55-64 TITLE: PLANET ARY BIOLDGY
ORGANIZATION: NASA HEADQUARTERS'
MONITOR: YOUNG, R. S. TEL. 202-962-5178
TECHNICAL SUMMARY
THE STUDY 3F THE ABILITY OF MICROORGANISMS TO SURVIVE AND/OR
GROW IN ENVIRO~MENTAl EXTREMES APPROACHING THOSE OF THE PLANETARY
ENVIRONMENTS, PARTICULARLY IN TERMS OF TEMPERATURE AND PH EXTREMES,
WATER AVAILABILITY, AND SALT CCNCENTRATIONS~ THIS IS RELEVANT TO AN
UNDERSTANDING OF BIOLOGICAL PROCESSES IN ENVIRONMENTS VERY DIFFERENT
PROM THOSE USUALLY CONSIDERED AS BEING TYPICAL OF THE EARTH~
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RTOP NO .. 192-55-68 TITLE: SUPPORT lKTIVITIES
ORGANIZATION: NASA HEADQUARTERS
MONITOR: YOUNG, R. So TEL .. 202-962-5178
TECHNICAL SUMMARY
ESTABLISHMENT OF AIBS ADVISORY PANELS FOR OSSA TO PERFORM THE
FOLLOWING FUNCrIONS: 1. TO EVALUATE THE SCIENTIFIC MERITS OF
RESEARCH PROPOSALS SUBMITTED BY PROGRAM CHIEF (S) OSSA AND ADVISE
PROGRAM CHIEF (S) ON THE SCIENTIFIC MERITS OF SAID PROPOSALS. 2. TO
PLAN, CONDUCT AND COORDINATE MEETINGS OF THE PANELS, PROVIDING
NECESSARY SECRETARIAL SERVICE g INCLUDING MINUTES OF THE MEETING.
RTOP NO. 193-58-61 TITLE: STERILIZATION TECHNIQUES
ORGANIZATION: NASA HEADQUARTERS
MONITOR: HALLe L .. B. TEL. 202-962-8925
TECHNICAL SUMMARY
IT IS NASA~S POLICY TO AVOID CONTAMINATING THE PLANETS WITH
VIABLE TERRESTRIAL LIFE AND TO AVOID NEGATION OF LIFE DETECTION
EXPERIMENTS BY CONTAMINATION WITH TERRESTRIAL LIFE. THIS CAN BE
ACCOMPLISHED BY (1) AVOIDING CCNTACT WITH THE PLANET, OR (2) LANDING
ONLY SPACE FLIGHT HARDWARE THAT CARRIES NO LIFE ON BOARD. THE
RESEARCH WILL RESULT IN STERILIZATION METHODS SPECIFICALLY TAILORED
TO THE SPACECRAFT. THE TECHNOLOGY THAT IS BEING DEVELOPED IN THE USE
OF DRY-HEAT MAY HAVE LIMITED APPLICATION TO OTHER FIELDS, BUT
ALTERNATIVE METHODS BEING DEVELOPED TO SUPPLEMENT DRY-HEAT MAY HAVE
WIDESPREAD AND ECONOMICALLY IMPORTANT USES IN THE STERILIZATION OF
FOODS g PHARMACEUTICALS u SURGICAL SUPPLIES AND OTHER FIELDS IN WHICH
BIOLOGICAL CONTAMINATION CANNOT BE TOLERATED. THE MAJOR APPROACH TO
THE STERILIZATION OF SPACECRAFT HAS CENTERED ON DRY-HEAT. OTHER
METHODS HAVE BEEN EXAMINED AND FOUND WANTING ON THE BASIS OF
RELIABILITY. CJST. SAFETY. AND OTHER FACTORS. IN DRY-HEAT HEAVY
EMPHASIS HAS BEEN AND WILL CONTINUE TO BE PLACED ON THE DEFINITION OF
THE AMOUNT NEEDED TO ACCOMPLISH THE PURPOSE. CONCURRENTLY, A SEARCH
IS BEING MADE FOR ACCEPTABLE ALTERNATIVE METHODS OF STERILIZATION
THAT MAY BE USED FOR SPECIFIC APPLICATIONS IN WHICH DRY-HEAT IS NOT
ACCEPTABLE BECAUSE OF MATERIALS DEGRADATION. INCLUDED IN THIS
APPROACH IRE STUDIES DF THE LETHAL EFFECT OF THE SPACE ENVIRONMENT
ENCOUNTERED DURING THE PERIOD OF INTERPLANETARY CRUISE.
RTOP NO. 193-58-62 TITLE: MICROBIAL ANALYSIS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: HALL, L. B.
TECHNICAL SUMMARY
THE RESEARCH PROGRAM ON MICROBIAL ANALYSIS STEMS·PRIMARILY FROM
THE NEED TO STERILIZE SPACE FLIGHT HARDWARE BY THE APPLICATION OF
SOME FORM OF STRESS TO THE ORGANISMS. SO STRESSED THE ORGANISMS DIE,
NOT ALL AT THE SAME TIME, BUT PROGRESSIVELY IN WHAT IS TERMED THE
"LOGRITHMIC ORnER OF DEATH". THUS, THE MORE ORGANISMS THAT ARE
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PRESENT THE MORE STRESS (USUALLY DRY-HEAT) MUST BE APPLIED. ACTING IN
THE OPPOSITE DIRECTION, HOWEVER q IS THE NEED TO KEEP THE STRESS TO
THE ESSENTIAL ~INIMUM SO THAT HARDWARE RELIABILITY WILL NOT BE
DEGRADED~ FOR THESE REASONS THE NUMBER AND TYPES OF MICROORGANISMS
MUST BE KNOWN IN ORDER THAT THE OPTIMUM STERILIZATION CYCLE MAY BE
APPLIED. THE APPLICATIONS OF THIS TECffNOLOGY ARE BEING ANDWILL BE
APPLIED LARGELY TO SPACECRAFT BUT THE METHODS WILL ALSO SPILL OVER
INTO THE HOSPITAL, FOOD PREPARATION p PHARMACEUTICAL AND SURGICAL
SUPPLY FIELDS~ THE APPROACH BEING TAKEN INCLUDES THE DEVELOPMENT OF
PRECISE METHODS FOR THEREMOVAL, ENUMERA~ION AND IDENTIFICATION OF ALL
THE BACTERIA FROM A REPRESENTATIVE SURFACE g THE RECOVERY OF A
REPRESENTATIVE SAMPLE OF THE ORGANISMS THAT ARE BURIED IN SOLIDS g THE
PROPAGATION OF BACTERIA IN AEROSOLS AND THE ESTIMATION BY
MATHEMATICAL AND COMPUTER TECHNIQUES OF THE TOTAL BIOLOAD ON AND INA
SPACECRAFT. CJNCURRENTLY FIELD APPLICATIONS ARE BEING CARRIED OUT TO
PROVIDE EXPERIENC~ WITH THE TECHNOLOGY AND THE BASE LINE DATA ON
MISSIONS THAT HAVE BEEN OR WILL BE LANDED.
RTOP NO. 193-58-62 TITLE~ MICROBIAL ANALYSIS
ORGANIZATION: JET PROPULSION LABORATORY;
MONITOR: LUCAS~ J. W. TEL~ 213-354-4530
TECHNICAL SUMMARY
THE OBJECTIVES OF THE TECHNICAL WORK PACKAGE ARE TO PERFORM
ANALYTICAL AND EXPERIMENTAL STUDI~S IN THE AREA OF PLANETARY
QUARANTINE TO DEVELOP PROBABILITY NUMBERS FOR POTENTIAL CONTAMINATION
EVENTS FOR FUTURE MISSIONS. SPECIFICALLY p THESE STUDIES WILL
INCLUDE: (1) AN ANALYSIS OF PLANETARY QUARANTINE CONSTRAINTS FOR
OUTER MULTIPLANET, JUPITER ORBITER u JUPITER PROBE AND PLANETARY
SAMPLE RETURN MISSIONS~ (2) STUDIES TO DETERMINE THE AMOUNT OF
MICROBIAL BURDEN REDISTRIBUTION ON SPACECRAFT SURFACES FOLLOWING
LAUNCH; AND (3) THE EFFECT OF THE NATURAL SPACE ENVIRONMENT ON THE
SURVIVAL OF MICROORGANISMS. THESE STUDIES ARE BEING CONDUCTED TO
IDENTIFY PLANETARY QUARANTINE CONSTRAINTS FOR FUTURE MISSIONS TO
BETTER UNDERST~ND THE REQUIREMENTS AND TO DEVELOP THE PROCEDURES AND
METHODOLOGY BY WHICH JPL AND OTHER FLIGHT PROGRAMS CAN RELIABLY
SATISFY THESE REQUIREMENTSc EXISTING JPL FACILITIES WILL BE USED TO
CONDUCT THESE STUDIES AND A MULTI DISCIPLINED TEAM WILL BE ES~ABLISHED
TO PERFORM ANALYSIS FOR ADVANCED MISSIONS. THIS TEAM WILL INCLUDE
SUPPORT FOR THE DEFINITION OF THE NATURAL SPACE ENVIRONMENTAL
PARAMETERS, SPACECRAFT FLIGHT ENVIRONMENTS, MISSION ANALYSIS ANb
MICROBIOLOGY.
RTOP NO. 193-58-63 TITLE: CONTAMINATION CONTROL
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMAR~
THE OBJECTIVE OF THIS TECHNICAL WORK PACKAGE IS TO DEVELOP
METHODOLOGY AND PROCEDURES FOR THE REDUCTION, ESTIMATION AND
PREDICTION OF MICROBIAL BURDEN ON AN ASSEMBLED SPACECRAFT AT THE TIME
OF ENCAPSULATION OR TERMINAL STERILIZATION. THIS TECHNOLOGY IS
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REQUIRED FOR: 1) DETERMINATION OF THE STERILIZATION PROCESS FOR A
PLANETARY LANDER OR PROBE; 2) ESTIMATION OF MICROBIAL BURDEN TO
DETERMINE THE PROBABILITY OF CONTAMINATION ASSOCIATED WITH
CONTAMINATING EVENTS IDENTIFIED IN THE MISSION PRELAUNCH ANALYSIS; 3)
THE REDUCTION OF EXCESSIVE MICROBIAL BURDEN ON SPACECRAFT COMPONENTS
FOR THE PURPOSES OF EITHER DECREASING PLANETARY CONTAMINATION
PROBABILITIES FOR AN ORBITER OR MINIMIZING THE DURATION OF THE
STERILIZATION PROCESS FOR A LANDER. THE WORK WILL PROVIDE
MATHEMATICAL TOOLS FOR TH~ STORAGE, RETRIEVAL, ANALYSIS, ESTIMATION
AND PREDICTION OF MICROBIAL BURDEN ON SPACECRAFT AND NEEDED
INFORMATION CONCERNING CLEANING TECHNIQUES THAT COULD SIGNIFICANTLY
REDUCE MICROBIAL BURDEN ON SPACECRAFT HARDWARE. THIS TECHNICAL WORK
PACKAGE CONTAINS A WORK UNIT WHICH PROVIDES DIRECT SUPPORT TO THE
NASA HEADQUARTERS PLANETARY QUARANTINE OFFICER UPON HIS REQUEST.
RTOP NO. 193-58-63 TITLE: CONTAMINATION CONTROL
ORGANIZATION: NASA HEADQUARTERS
MONITOR: HALL p L. B. TEL. 202-962-8925
TECHNICAL SUMMARY
THE PROBABILITY OF CONTAMINATING A PLANET BY A FLYBY OR ORBITER
SPACECRAFT AND THE DIFFICULTY OF ACHIEVING STERILITY OF A LANDING
SPACECRAFT IS RELATED DIR~CTLY TO THE AMOUNT OF BIOLOGICAL
CONTAMINATION IN THE SPACECRAFT. THEREFORE, THE PROBABILITY OF
CO~TAMINATING rHE PLANET AND THE DIFFICULTY OF STERILIZING A LANDING
VEHICLE CAN BE REDUCED BY CONTROLLING THE AMOUNT OF VIABLE
CONTAMINATION THAT GETS ON AND IN THE SPACECRAFT DURING MANUFACTURE,
CHECK OUT AND LAUNCH. THE CONCEPTS AND PROCEDURES RESULTING FROM
THIS EFFORT PROVIDE THE MEASURES USED TO KEEP A SPACECRAFT
BIOLOGICALLY CLEAN. THE DISSEMINATION OF THESE BIOLOGICAL
CLE~NLINESS PROCEDURES IS OF MAJOR IMPORTANCE TO INDUSTRY,
PARTICULARLY PHARMACEUTICAL AND SURGICAL SUPPLY INDUSTRIES. IN THE
FORMER THE PROCEDURES DEVELOPED FOR CONTAMINATION CONTROL ARE SAVING
MILLIONS OF DOLLARS A YEAR BY PREVENTING THE CONTAMINATION OF
PRODUCTS. THE TECHNOLOGY IS PARTICULARLY USEFUL IN PREVENTING
CONTAMINATION aF TESTS THUS PREVENTING FALSE POSITI~ES THAT RESULT IN
THE NEEDLESS DESTRUCTION OF LARGE BATCHES OF PRODUCT. THE APPROACH
TO THIS PROBLEM CENTERS LARGELY IN THE EVALUATION, DISSEMINATION AND
APPLICATION OF ULTRACLEAN TECHNIQUES. BETTER METHODS OF AIR CLEANING
AND HANDLING OF SPACE FLIGHT HARDWARE FROM THE PIECE PART LEVEL TO
THE COMPLETED SPACECRAFT RESULT IN REDUCED LEVELS OF BIOLOGICAL
CONTAMINATION.
RTOP NO. 196-41-51 TITLE: RADIO AND RADAR PLANETARY STUDIES
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: ALEXANDER, J. K. TEL. 301-982-5461
TECHNICAL SUMMARY
THE OBJECTIVE OF THE JUPITER MONITOR PROGRAM IS TO OBTAIN
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CONTINUOUS SYNJPTIC OBSERVATIONS OF THE DECAMETER-WAVE RADIO
EMISSIONS FROM JUPITER IN ORDER TO FACILITATE RELIABLE STUDIES OF THE
MORPHOLOGY OF rHE EMISSION PHENOMENON AND ITS RELATION TO DYNAMICAL
PROCESSES IN THE JOVIAN MAGNETOSPHERE. TO MEET THIS NEED A
WORLD-WIDE NETWORK OF FIVE OBSERVING SITES HAS BEEN ESTAeLISHED IN
ORDER TO MONIT8R JUPITER WITH IDENTICAL INSTRUMENTS AT EACH SITE AND
THUS OBTAIN A HOMOGENEOUS BODY OF DATA FOR ANALYSIS. EACH SITE
CONSISTS OF A TWO-ELEMENT INTERFEROMETER OPERATING AT 16.7 AND 22.2
MHZ. THESE ARE LOCATED AT GODDARD SPACE FLIGHT CENTER g AT CLARK LAKE
OBSERVATORY IN BORREGO SPRINGS, CALIF. d AND AT MSFN STATIONS IN
KAUAI, HAWAII; CARNARVON, AUSTRALIA; AND GRAND CANARY IS., SPAIN.
THE NETWORK IS PROVIDING IM~ORTANT DATA ON THE JOVIAN RADIO EMISSIONS
THAT CAN NOT BE OBTAINED FROM A SINGLE, ISOLATED OBSERVATORY OR FROM
COMBINATION OF DATA FROM VARIOUS DISSIMILAR OBSERVATORIES.
RTOP NO. 196-41-66 TITLE: AIRBORNE PLANETARY ASTiWNOMYGROUND-BASED
INFRARED ASTRONOMY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THIS RTOP IS TO PROVIDE HIGH-ALTITUDE PLATFORMS FOR INFRARED
OBSERVATIONS OF THE PLANETSo THE EXPERIMENTS WILL BE FLOWN AT
ALTITUDES WHICH PUT THEM ABOVE MOST OF THE ATMOSPHERIC WATER VAPOR q
WHICH IS THE CHIEF ABSORBER OF INFRARED AND THERMAL STRUCTURE OF THE
ATMOSPHERES. THIS GOAL WILL BE ACCOMPLISHED BY THE USE OF A DOUBLE
THE EXTENT AND COMPOSITION OF PLANETARY ATMOSPHERES AND THE
COMPOSITION OF PLANETARY 0.2 WAVE NUMBERS BETWEEN 7 AND 25 MICRONSo
THE INSTRUMENT WILL BE ATTACHED TO THE COUDE FOCUS OF SURFACES. THIS
INFORMATION WILL BE OF ASSISTANCE A LARGE GROUND-BASED TELESCOPE. IN
THE DESIGN OF MANNED AND UNMANNED SYSTEMS FOR MISSIONS TO THE PLANETS.
RTOP NO. 196-41-67 TITLE: PLANETARY ASTRONOMY AND SUPPORTING
LABORATORY STUDIES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE ABUNDANCE, TEMPERATURE, AND PRESSURE OF CERTAIN CONSTITUENTS
OF PLANETARY ATMOSPHERES CAN EE DETERMINED BY SPECTROSCOPIC
OBSERVATIONS FROM GROUND-BASED AND FROM AIRBORNE OBSERVATORIESo SUCH
DATA IS NECESSARY FOR THE PREPARATION OF MODEL ATMOSPHERES THAT ARE
NEEDED TO EVALUATE THE POSSIBILITIES OF LIFE ON THE PLANETS AND TO
DESIGN SYSTEMS FOR EXPLORATORY MISSIONS. THE OBJE~TIVE OF THIS WORK
IS TO MAKE AIRBORNE AND GROUND BASED OBSERVATIONS OF PLANETARY
SPECTRA, TO OBrAIN IN THE LABORATORY THE SPECTROSCOPIC PARAMETERS
NEEDED TO ANALYZE THE OBSERVATORY SPECTRA, AND TO DEVELOP THE
ANALYTICAL AND COMPUTATIONAL TECHNIQUES NEEDED TO INTERPRET THE
SPECTRA IN TERMS OF REAL PLANETARY ATMOSPHERES. THE SPECTROSCOPIC
PARAMETERS SUCH AS ABSORPTION AND LINE WIDTHS AND THEIR TEMPERATURE
AND PRESSURE DEPENDENCES WILL BE OBTAINED USING LONG PATH GAS CELLS,
COOLED GAS CELLS AND HIGH RESCLUTION SPECTROMETERS AND
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INTERFEROMETERS OPERATING PRIMARILY IN THE INFRARED.
RTOP NO~ 196-41~71 TITLE: GROUND BASED OPTICAL ASTRONOMY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS THE COMPREHENSIVE STUDY OF THE
ATMOSPHERES AND SURFACES OF SOLAR SYSTEM BODIES THROUGH GROUND-BASED
TELESCOPIC OBSERVATIONS. PRINCIPAL EMPHASIS IN THIS PROGRAM IS
DEVOTED TO SPECTROSCOPIC OBSERVATIONS OF MARS, VENUS w JUPITER AND
SATURN. ALL AVAILABLE EARTH-BASED TECHNIQUES SHOULD BE USED TO LEARN
AS MUCH AS POSSIBLE ABOUT A PLANETARY ATMOSPHERE BEFORE A SPACE
MISSION AND ITS COMPLEMENT OF SCIENTIFIC INSTRUMENTS IS PLANNED.
DATA ACQUIRED FROM THE EARTH COMPLEMENTS THE TYPE OF INFORMATION
NORMALLY ACQUIRED FROM SPACECRAFT. THE PRINCIPAL INSTRUMENT USED IN
THIS TASK IS THE HIGH-DISPERSION COUDE FOCUS OF THE TABLE MOUNTAIN
OBSERVATORY 24-INCH TELESCOPE. SPECIFIC OBJECTIVES FOR FY 72 INCLUDE
REDUCTION AND ANALYSIS OF THE SPECTRA OF SATURN OBTAINED BY NEWBURN
IN FY 71 WHICH SHOW LINES OF AMMONIA u REDUCTION AND ANALYSIS OF THE
SPECTRA OF VENUS C02 BANDS OBTAINED BY SCHORN w YOUNG AND YOUNG IN FY
71, CONTINUATIJN OF THE VENUS C02 BAND PHASE EFFECT PROGRAM q
COMMENCEMENT OFA SPECTROSCOPIC PATROL OF THE AMOUNT AND SEASONAL
VARIATION OF WATER VAPOR IN THE MARTIAN ATMOSPHERE, AND OBSERVATION
AND ANALYSIS OF THE 6800 A METHANE BAND IN THE SPECTRUM OF JUPITER.
RTOP NO. 196-41-12 TITLE: GROUND-BASED INFRARED ASTRONOMY
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: BURCHAM, D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO OBTAIN AND ANALYZE HIGH
RESOLUTION SPECTRA OF THE PLANETS AT INFRARED WAVELENGTHS. THE
PRINCIPAL INSTRUMENTATION EMPLOYED IS THE MK III CONNESv-TYPE FOURIER
SPECTROMETER AT THE 107 INCH TELESCOPE v MCDONALD OBSERVATORY. A
FABRY-PEROT INrERFEROMETER SYSTEM FOR USE WITH THE COUDE SPE~TROGRAPH
AT TABLE MOUNTAIN OBSERVATORY IS ALSO UNDER CONSTRUCTION. DURING PY
72 WE PLAN TO CONTINUE OUR OBSERVING PROGRAMS ON MARS AND VENUS AND
COMMENCE A PROGRAM OF OUTER PLANET SPECTROSCOPY, PRIMARILY JUPITER
AND SATURN. AS AVIT·AL ADJUNCT TO THE PLANETARY OBSERVATIONS r WE
HAVE ALSO UNDERTAKEN AN INVESTIGATION OF THE SOLAR-TELLURIC SPECTRUM
WITH THE SAME SYSTEM CONFIGURATION AS FOR THE PLANETARY SPECTRUK, THE
OBJECTIVE BEING THE PUBLICATION OF A NEW ATLAS OF THE INFRARED
SOLAR-TELLURIC SPECTRUM AT MUCH HIGHER RESOLUTION THAN HERETOFORE
AVAILABLE.
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RTOP NOe 196-41-13 TITLE: RADIO AND RADAR PLANETARY STUDIES
ORGANIZATION: JET PROPULSION LABORATORY:
MONITOR: BURCHAM g D. P. TELe 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO CONDUCT A COMPREHENSIVE PROGRAM
IN GROUND BA~ED PLANETARY RADIO ASTRONOMY. SOME SPECIFIC RADAR
ASTRONOMY PROGRAMS AND A SYSTEMATIC SURVEY OF RADIO w PHOTOGRAPHIC AND
VISUAL OBSERVArrONS OF JUPITER WILL ALSO BE CARRIED OUT UNDER THIS
TASK. RADIO ASTRONOMY PROVIDES DATA ON.THE PROPERTIES OF THE
ATMOSPHERES, SURFACES, AND MAGNETOSPHERES OF THE PLANETS. RADAR
AST~ONOMY PROVIDES DATA ON THE PROPERTIES OF THE ATMOSPHERE,
SURFACES, AND MECHANICS OF THE BODIES OF THE SOLAR SYSTEM. A
MICROWAVE RADIJMETER DEVELOPMENT PROGRAM IS CONDUCTED TO PROVIDE
BASIC SUPPORT FOR THE OBSERVATIONAL RADIO ASTRONOMY PROGRAM. THE
SUPPORT OIDECTIVES ARE TO DESIGN, CONSTRUCTg TEST AND MAINTAIN
ADVANCED MICROWAVE RADIOMETER SYSTEMS FOR USE AT THE TABLE MOUNTAIN,
GOLDSTONE, OWENS VALLEY AND OTHER RADIOTELESCOPE FACILITIES.
EQUIPMENT USED IN THE COURSE OF THIS TASK INCLUDES THE FACILITIES AND
TEST EQUIPMENT OF THE TABLE MCUNTAIN OBSERVATORY AND THE DEEP SPACE
NETWORK. THE FACILITIES INCLUDE THE 18-FOOT MILLIMETER WAVE ANTRNNA
AT TABLE MOUNTAIN, AND THE 30-FOOT, 8S-FOOT, AND 210-FOOT ANTENNAS AT
THE GOLDSTONE rRACKING STATION. OBSERVATIONS AT OTHER OBSERVATORIES
ARE CARRIED OUT AS REQUIRED BY THE SPECIFIC NEEDS OF THE PROGRAM.
RTOP NO. 196-41~74 TITLE: PLANETARY ASTRONOMY--SUPPORTING
LABORATORY STUDIES
ORGANIZATION: JET PROPULSION LABORATORY!
MONITOR: BURCHAM g D. P. TEL. 213-354-3028
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS ACTIVITY IS TO SUPPORT ASTRONOMICAL AND
SPACE FLIGHT SrUDIES OF PLANETARY ATMOSPHERES BY OBTAINING SPECTRA OF
GASES UNDER SUITABLE CONDITIONS. THERE ARE TWO MAIN FUNCTIONS,
NAMELY: (1) TO FURNISH QUANTITATIVE BAND OR LINE DATA CHIEFLY AT
INFRARED WAVELENGTHS, AND (2) TO PROVIDE DIRECT AID IN VERIFYING
IDENTIFICATIONS OF FEATURES OBSERVED IN PLANETARY SPECTRA. THE
PRIMARY FACILIry EMPLOYED IN THIS TASK IS THE SPECTROSCOPY LABORATORY
WHICH CONTAINS SPECTROMETERS COVERING THE VISIBLE, NEAR AND MIDDLE
INFRARED SPECTRAL REGIONS AND ABSORPTION TUBES CAPABLE OF PROVIDING
PATH LENGTHS OF UP TO 1 KILOMETER AT PRESSURES UP TO 20 ATMOSPHERES.
A FACILITY FOR THE STUDY OF LINE FORMATION IN SCATTERING ATMOSPHERE
HAS ALSO BEEN CONSTRUCTED.
RTOP NO. 196-41-80 TITLE: GROUND~BASED OPTICAL PLANETARY ASTRONOMY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK, W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
TO INCREASE OUR KNOWLEDGE OF THE PLANETS AND THEIR SATELLITES
THROUGH THE USE OF ASTRONOMICAL OBSERVATIONS MADE WITH TELESCOPES AND
OTHER OPTICAL INSTRUMENTS LOCATED AT GROUND-BASED OBSERVATORIES. THE
OBSERVATIONS WILL BE MADE THROUGHOUT THE VISIBLE AND INFRARED
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PORTIONS OF THE SPECTRUM. REDUCTION, INTERPRETATION, ANALYSIS, AND
PUBLICATION OF THE DATA THUS OBTAINED ARE INCLUDED AS PART OF THE
OBJECTIVE. THE EXISTING TECHNIQUES OF GROUND-BASED OPTICAL ASTRONOMY
INCLUDING, BUT NOT LIMITED TO, DIRECT PHOTOGRAPHY, PHOTOMETRY,
SPECTROMETRY, INTERFEROMETRY, AND POLARIMETRY WILL BE APPLIED TO THE
DETAILED STUDY OF THE PLANETS AND THEIR SATELLITES. THE
OBSERVATIONAL DATA WILL BE REfUCED, ANALYZED AND INTERPRETED IN TERMS
OF PLANETARY PROPERTIES USING THE BEST AVAILABLE THEaRETICAL AND
LABDRATORY SOPPORTING DATA OBTkINED UNDER RELATED RTOP'S AND FROM THE
PUBLISHED LITERATURE. THE OBSrRVATIONS WILL BE CARRIED OUT BY
ASTRONOMERS AND ASSOCIATED SCIENTISTS AT UNIVERSITIES, NON-PROFIT
ORGANIZATIONS, AND, IN SOME CASES, INDUSTRIALORGANIZATIONS. THEY
WILL USE OBSERVATIONAL FACILITIES AT THEIR OWN ORGANIZATIONS AS WELL
AS OTHER AVAIL~BLE FACILITIES WHERE THEY PARTICIPATE AS GUEST
OBSERVERS. THE RESEARCH PROGRAM UNDER THIS RTOP COMPLEMENTS SIMILAR
PROGRAMS CARRIED OUT AT NASA CENTERS.
RTOP NO. 196-41-81 TITLE: ASTRONOMICAL OPTICAL INSTRUMENT
DEVELOPMENT
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK, W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DESIGN, DEVELOP, AND CONSTRUCT OPTICAL
TELESCOPES AND AUXILIARY INSTRUMENTATION TO BE USED FOR GROUND-BASED
ASTRONOMICAL OBSERVATIONS. TEE AUXILIARY INSTRUMENTATION IN'CLUDES
SUCH ITEMS AS CAMER~S, PHOTOMETERS, SPECTROMETERS, INTERFEROMETERS.
REQUIREMENTS FOR NEW OR ADDITIONAL OPTICAL INSTRUMENTS ARISE FROM
SEVERAL SOURCES. UNDER THIS RTOP, OPTICAL INSTRUMENTS WILL BE
DESIGNED AND CONSTRUCTED TO FILL THE REQUIREMENTS OF: 1. PROVIDING
ADDITIONAL OBSERVING TIME FOR CRITICAL ASTRONOMICAL OBSERVATIONS. 2.
PROVIDING AUXILIARY INSTRUMENTATION FOR NEW TELESCOPES. 3.
UPGRADING OR MODERNIZING EXISTING FACILITIES AND INSTRUMENTS TO
INCREASE THEIR EFFICIENCY.4. MODIFYING AUXILIARY INSTRUMENTS TO
INCORPORATE IDEAS FOR MAKING MORE SIGNIFICANT OBSERVATIONS WITH
EXISTING TELESCOPES. 5. MAKING MAXIMUM USE FOR ~STRONOMICAL
PUPPOSES OF INSTRUMENTA~ION DEVELOPMENTS FROM OTHER SOURCES SUCH AS
THE SPACE PROGRAM. THE TELESCOPES AND OTHER INSTRUMENTS WILL BE
CONSTRUCTED AT THE UNIVERSITIES OR OTHER NON-NASA ORGANIZATIONS WHO
WILL BE THE PRIME USERS. THIS PROGRAM IS CLOSELY COORDINATED WITH
SIMILAR PROGRAMS AT NASA CENTERS.
RTOP NO. 196-41-82 TITLE: GROUND-BASED RADIO AND RADAR PLANETARY
ASTRONOMY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK, W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
TO DETERMINE PLANETARY PFOPERTIES BY OBSERVATIONS FROM
GROUND-BASED OBSERVATORIES AT RADIO WAVELENGTHS. BOTH PASSIVE
(RADIO) AND AcrIVE (RADAR) OBSERVATIONS WILL BF, PERFORMED. THE
PROGRAM WILL INCLUDE THE REDUCTION, ANALYSIS, AND INTERPRETATION OF
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THE OBSERVATIONS. THE PLANETS WILL BE OBSERVED WITH RADIO TELESCOPES
TO STUDY THEIR THERMAL AND NON-THERMAL ENERGY DISTRIBUTIONS AT RADIO
WAVELENGTHS. OBSERVATIONS WILL BE MADE AT MANY WAVELENGTHS FROM ONE
MILLIMETER TO THE LONG WAVELENGTH ATMOSPHERIC CUTOFF. THE
OBSERVATIONS WILL BE CARRIED CUT ON RADIO TELESCOPES LOCATED
THROUGHOUT THE COUNTRY BY ASTRONOMERS FROM UNIVERSITIES AND OTHER
NON-NASA ORGANIZATIONS. SIMILARLY, PROPERTIES OF PLANETARY SURFACES
AND ATMOSPHERES WILL BE STUDIED USING THE TECHNIQUES OF RADAR
ASTRONOMY FROM RADAR TELESCOPES INCLUDING THE HAYSTACK AND ARECIBO
OBSERVATORIES. THESE PROGRAMS, BOTH RADIO AND RADAR, ARE CLOSELY
COORDINATED WIrHSIMILAR PROGRAMS AT THE NASA CENTERS AN~8 IN
PARTICULAR, AT THE JET PROPULSION LABORATORY.
RTOP NO. 196-41-83 TITLE: RADIO AND RADAR ASTRONOMY INSTRUMENT
DEVELOPMENT
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK, W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DESIGN, DEVELOP, AND CONSTRUCT INSTRUMENTS
TO BE USED FOR RADIO AND RADAR ASTRONOMY AT UNIVERSITIES AND OTHER
NON-NASA ORGANIZATIONS, WITH EMPHASIS ON OBSERVATIONS OF THE PLANETS.
THE PROGRAM INCLUDES THE DEVELOPMENT OF AUXILIARY INSTRUMENTATION
SUCH AS RADIOMETERS FOR EXISTING RADIO AND RADAR FACILITIES AS WELL
AS THE CONSTRUCTION OR MODIFICATION OF MAJDR FACILITIES WHEN
REQUIRED. LIMITATIONS ON THE INFORMATION THAT CAN BE OBTAINED ABOUT
THE PLANETS AND THEIR SATELLITES IN THE RADIO WAVELENGTH PORTION OF
THE SPECTRUM ARE DUE PRIMARILY TO THE LACK OF ADEQUATE
INSTRUMENTATION. INSTRUMENTATION SUCH AS RADIOMETERS IS NORMALLY
USABLE ONLY OVER A NARROW BAND OF FREQUENCIES SO THAT DIFFERENT
INSTRUMENTATION IS REQUIRED FOR EACH DIFFERENT PROGRAM IF
OBSERVATIONS ARE TO BE MADE OVEP A LARGE RANGE OF FREQUENCIES. THIS
REQUIRES A CONrINUING PROGRAM OF INSTRUMENT DEVELOPMENT. ALSO, MANY
PROGRAMS OF RADIO AND RADAR ASTRONOMY ARE SEVERELY LIMITED BY THE
SIZES AND TYPES OF ANTENNAS PRESENTLY AVAILABLE. PLANETARY RADAR
ASTRONOMY SHOWS PROMISE OF GREAT RETURN, BUT IS PRESENTLY LIMITED BY
TRANSMITTER POWER AND ANTENNA SIZE. THE MAJOR PROGRAM UNDER THE
PRESENT RTOP IS, THEREFORE, THE ADDITION OF A HIGH POWER RADAR
CAPABILITY FOR THE ARECIBO OBSERVATORY AT S-BAND. THIS TOTAL
PROGRAM, INVOLVING UNIVERSITIES AND OTHER NON-NASA ORGANIZATIONS, IS
~LOSELY COORDI~ATED WITH A SIMILAR PROGRAM INVOLVING NASA CENTERS AND
THE JET PROPULSION LABORATORY.
RTOP NO. 196-41-84 TITLE: LABORATORY SUPPORTING STUDIES (ASTRONONY)
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK, W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
THE OBJECTIVE IS TO OBTAIN LABORATORY DATA REQUIRED FOR THE
ANALYSIS AND INTERPRETATION OF PLANETARY OBSERVATIONS MADE FROM THE
VICINITY OF THE EARTH. THE DATA OBTAINED WILL BE OF TWO TYPES,
FIRST, DETAILED STUDY OF GASES AND OTHER MATERIALS KNOWN TO EXIST ON
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A PLANET AND, SECOND, STUDY OF THE PROPERTIES OF MANY POSSIBLE
MATERIALS TO TRY TO EXPLAIN UNIDENTIFIED FEATURES DETECTED IN
PLANETARY OBSERVATIONS. THE DATA OBTAINED UNDER THIS PROGRAM WILL BE
PUBLISHED AS WELL AS BEING USED DIRECTLY IN THE INTERPRETATION OF NEW
OBSERVATIONS. THE TECHNICAL PIAN IS TO DETERMINE LABORATORY VALUES
OF THE PROPERTIES OF MATERIALS KNOWN OR SUSPECTED TO BE OBSERVED ON
THE PLANETS 0 EXISTING LABORATORY F' ACILITIES WILL BE US ED AS MUCH AS
POSSIBLE BUT NEW FACILITIES WILL BE CONSTRUCTED OR EXISTING
FACILITIES MODIFIED IF REQUIRED TO CARRY OUT THE PROGRAM. THE MAJOR
EMPHASIS OF THE PROGRAM IS, AT PRESENT, IN THE AREA OF SPECTROSCOPY
OF GASES KNOWN OR SUSPECTED TO BE CONSTITUENTS OF PLANETARY
ATMOSPHERES. SPECTRAL PROPERTIES OF THE GASES AS A FUNCTION OF
TEMPERATURE AND PRESSURE ARE STUDIED IN THE VISIBLE AND INFRARED
REGIONS OF THE SPECTRUM WITH THE GREATEST EFFORT GOING INTO STUDYING
THOSE REGIONS JF THE SPECTRA WHERE PLANETARY OBSERVATIONS ARE
FEASIBLE. THIS PROGRAM, BEING CARRIED OUT AT UNIVERSITIES AND OTHER
NON-NASA ORGANIZATIONS, IS BEING CLOSELY COORDINATED WITH SIMILAR
PROGRAM UNDERWAY AT NASA CENTERS AND THE JET PROPULSION LABORATORY.
RTOP NO. 196-41-85 TITLE: THEORETICAL PLANETARY ASTRONOMY
ORGANIZATION: NASA HEADQUARTERS
MONITOR: BRUNK~ W. E. TEL. 202-962-1861
TECHNICAL SUMMARY
TO PROVIDE THEORETICAL SUPPORT FOR THE PLANETARY ASTRONOMY
PROGRAM BY PREDICTING WHAT DATA SHOULD BE OBSERVED AND BY EXPLAINING
THE OBSERVATIONAL RESULTS, BOTH PREDICTED AND UNEXPECTED. THE
PROGRAM ALSO INVOLVES THE INTEGRATION OF OBSERVATIONAL AND LABORATORY
RESULTS FROM MANY SOURCES TO PROVIDE AN EXPLANATION OF PLANETARY
PHENOMENA. THUS, THIS PROGRAM PROVIDES AN IMPORTA1'1T LINK BETWEEN THE
OBSERVATI~NAL AND LABORATORY PROGRAMS AND AN UNDERSTANDING OF THE
PLANETS. BASED ON PRIOR KNOWLEDGE OF THE PLANETS AND EXISTING
PHYSICAL LAWS, PROGRAMS ARE UNDERTAKEN TO PREDICT THE OBSERVATIONAL
DATA ON THE PLANETS. AS AN EXAMPLE, THEORETICAL ATMOSPHERIC SPECTRA
ARE GENERATED USING ASSUMED KNOWLEDGE OF THE PLANETARY ATMOSPHERIC
CONSTITUENTS, THE SPECTRAL EFFECTS PRODUCED BY A SCATTERING
ATMOSPHERE CONrAINING AEROSOLS, AND THE DISPERSION OF THE OBSERVABLE
SPECTRA. COMPARISON OF THE OBSERVED SPECTRA WITH THE THEORETICALLY
CALCULATED SPE2TRA TESTS THE ASSUMPTIONS USED IN THE THEORETICAL
CALCULATIONS. ON THE OTHER HAND, THEORETICAL PROGRAMS ARE ALSO
UNDERTAKEN IN AN ATTEMPT TO UNDERSTAND UNPREDICTED OBSERVATIONAL
RESULTS SUCH AS THE ~ADIO NOISE STORMS OBSERVED AT LONG RADIO
WAVELENGTHS FR~M JUPITER. THIS WORK IS BEING CARRIED OUT AT
UNIVERSITIES AND OTHER NON-NASA ORGANIZATIONS. IT IS, HOWEVER,
CLOSELY COORDINATED WITH SIMILAR PROGRAMS AT NASA CENTERS AND THE JET
PROPULSION LABORATORY.
282
aTOP NO. 196-41~86 TITLE: AIRCRAFT-BASED PLANET~RY ASTRONO~Y
ORGANIZATION: N~SA HEADQUARTERS
MONITOR: BRUNK, W. E. TELo 202-962-1861
TECHNICAL SUMMARY
TO OBSERVE THE PLANETS AND THEIR SATELLITES USING TELESCOPES AND
ASSOCIATED EQUIPMENT MOUNTED AEOARD HIGH ALTITUDE AIRCRAFT.
OBSERVATIONS WILL BE MADE PRIMARILY IN THE INFRARED FROM ALTITUDES
ABOVE THE TROPJPAUSE WHERE THE INTEGR~TED WATER VAPOR CONTENT OF THE
REMAINING ATMOSPHERE IS BELOW APPROXIMATELY 10 MICRONS. UN~ER THESE
CONDITIONS IT IS POSSIBLE TO OBSERVE THROUGHOUT ALMOST THE ENTIRE
INFRARED PORTI8N OF THE SPECTRUM. THIS PROGRAM HAS TWO MAJOR
ASPECTS. THE FIRST IS PROVIDING FOR THE OPERATION OF HIGH ALTITUDE
AIRCRAFT PROPERLY INSTRUMENTED FOR ASTRONOMICAL OBSERVATIONS. THIS
ASPECT OF THE PROGRAM IS PRESENTLY HANDLED UNDER A SEPARATE RTOP
THROUGH THE AMES RESEARCH CENTER. THE SECOND ASPECT IS THE
DEVELOPMENT AND CARRYING OUT OF SPECIFIC RESEARCH PROGRAMS BY
INVESTIGATORS BOTH INSIDE AND OUTSIDE NASA. THIS RTOP COVERS THE
SUPPORT OF NON-NASA INVESTIGATORS IN PLANNING AND EXECUTING THE HIGH
ALTITUDE OBSERVATIONAL PROGRAM AS WELL AS THE REDUCTION~ ANALYSIS,
AND INTERPRETATION OF THE OBSERVATIONAL DATA. EMPHASIS DURING THE
COMING YEAR WILL BE ON SPECTRAL OBSERVATIONS OF MARS AND FAR INFRARED
PHOTOMETRY OF rHE OTHER PLANETS. THE PROGRAM CARRIED OUT UNDER THIS
RTOP IS CLOSELY COORDINATED WITH THE NASA CENTER RELATED AIRCRAFT
FLIGHT PROGRAMS.
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OFFICE OF MANNED SPACE FLIGHT -_
RTOP NO. 908-41-02 TITLE: SPACE STATION - THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: GUY, W. W. TEL. 713-483-2351
TECHNICAL SUMMARY
THE OBJECTIVE OF THE PROPOSED EFFORT IS TO DEVELOP AN ADVANCED
SPACE RADIATOR C~NFIGURATION WHICH IS APPLICABLE FOR A VARIETY OF
SPACECRAFTS AND MISSIONS, PROVIDES INCREASED SYSTEM RELIABILITY,
MINIMIZES METEOROID PROTECTION REQUIREMENTS, AND IMPROVES HEAT LOAD
RANGE CAPABILITY. THE APPROACH WILL INCLUDE AN ANALYTICAL
INVESTIGATION AND EXPERIMENTAL VERIFICATION OF CANDIDATE MODULAR
HEAT-PIPE RADIATOR PANEL DESIGN CONCEPTS. CANDIDATE PANEL CONCEPTS
WILL BE IDENTIFIED FOR BOTH INTEGRAL SKIN AND FLEXIBLE OR RIGID
DEPLOYABLE CONFIGURATIONS. WORK INITIATED IN FY 1971 WILL SERVE AS
THE TECHNOLOGY BASE FOR THIS EXTENSION ACTIVITY.
RTOP NO. 908-41-07 TITLE: SPACE STATION COMMUNICATIONS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: CHICOINE, E. L. TEL. 713-483-2128
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO PROVIDE THE RF SUBSYSTEMS
TECHNICAL GUIDELINES FOR AN INTEGRATED ANTENNA SYSTEM APPROACH AND
FUNCTIONAL REQUIREMENTS FOR COMMUNICATIONS DEVELOPMENT AND TECHNOLOGY
PROGRAMS BEING UNDERTAKEN FOR SPACE STATION. SPECIFICALLY, THE
FOLLOWING OBJECTIVE WILL BE MET: PROVIDE THE OVERALL TECHNICAL
GUIDELINES FOR AN INTEGRATED RF AND ANTENNA SUBSYSTEM TO MEET SPACE
STATION REQUIREMENTS, MAKING MAXIMUM UTILIZATION OF STATE-OF-THE-ART
TECHNOLOGY IN THE COMMUNICATIONS AREA AND CONTINUING DEVELOPMENTS
ALREADY IN PROGRESS.- THIS WILL RESULT IN RF SUBSYSTEMS PARAMETRIC
DATA THAT WILL AID IN ATTAINING BROADER OBJECTIVES AS FOLLOWS: (1)
ESTABLISH THE 3VERALL COMMUNICATION FUNCTIONAL REQUIREMENTS AND
SUBSYSTEM CRITERIA NECESSARY FOR A VIABLE ONBOARD COMMUNICATION
SYSTEM FOR AUTONOMOUS OPERATION AND LONG LIFE, (2) PROVIDE CRITERIA
FOR ANTENNA DES IGN AND COMMUNICATION LINK PERFORI1ANCE, (3) OUTLINE
TECHNICAL REQUIREMENTS FOR THE SPACE STATIO~ COMMUNICATION SYSTEM
TEST BED, COMMUNICATION SUBSYSTEM INTEGRATION, AND AN OVERALL TEST
AND EVALUATION PROGRAM (SPACE-GROUND), (4) ESTABLISH ENGINEERING
INTERFACE AND :OMPATIBILITY CRITERIA FOR THE VARIOUS SPACE STATION
COMMUNICATION LINKS WITH: OTHER SPACE VEHICLES; VIA RELAY SATELLITE;
OR DIRECT TO GROUND AND (5) PROVIDE CRITERIA FOR INTERFACING
COMMUNICATION SUBSYSTEMS WITH OTHER SUBSYSTEMS. PROVIDE
COMMUNICATION SYSTEM ANALYSIS AND EVALUATION OF DIGITAL
COMMUNICATIONS SYSTEMS DESIGN CONFIGURATION AND FUNCTIONAL
REQUIREMENTS OF THE SPACE STATION. MAXIMIZE THE EFFECTIVENESS OF
EXISTING SYSTEMS AND APPLY NEW TECHNOLOGY FOR SOLUTIONS TO
SPECIFIC----
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RTOP NO. 908-41-10 TITLE: SPACE STATION - GUIDANCE AND NAVIGATION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: KENNEDY, R. C. TEL. 713-483-4384
TECHNICAL SUMMARY
THE OBJECTIVB OF THIS PROGRAM IS TO PROVIDE A TECHNICAL
FOUNDATION FOR THE SELECTION AND DEVELOPMENT OF AN ORBITAL NAVIGATION
SYSTEM FOR THE SPACE STATION. THE NAVIGATION SYSTEM MUST HAVE
PERFORMANCE CAPABILITIES APPROACHING THAT OF THE MSFN GROUND TRACKING
NETRORK IN ORDER TO PROPERLY SUPPORT THE SPACE ~TATION PLANNED
SCIENTIFIC EXPERIMENTS PROGRAM. FURTHER y A HIGH DEGREE OF AUTONOMY
WILL BE REQUIRED TO REDUCE, OR ELIMINATE, THE NEED FOR GROUND
SUPPORT THEREBY PROVIDING A COST EFFECTIVE NAVIGATION CAPABILITY. TO
ACHIEVE THIS END THIS TASK WILL EXAMINE THE VARIETY OF POSSIBLE
TECHNIQUES WHICH CAN POTENTIALLY MEET THE PERFORMANCE REQUIREMENTS.
ERROR ANALYSES WILL BE CONDUCTED AS REQUIRED TO FORM A BASIS FOR
P£RPORMANCE COMPARISON. SYSTEM MECHANIZATION ANALYSES WILL BE
CONDUCTED TO DEVELOP THE HARDWARE AND SOFTWARE ASPECTS OF THE
CANDIDATE SYSTEMS INCLUDING LEVELS OF REDUNDANCY AND OPERATING
PROCEDURES. CJST DATA WILL BE COMPILED AND, TOGETHER WITH THE
TECHNICAL TRADE FACTORS DEVELOPED IN THE PERFORMANCE AND SYSTEM
ANALYSIS WORK, WILL BE EVALUATED TO SELECT A BEST SYSTEM APPROACH FOR
CONTINUING ANALYSIS.
RTOP NO~ 908-41-18 TITLE: CHECKOUT
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: WELDON, J. W. TEL. 713-483-4065
TECHNICAL SUMMARY
THE PRESENr CONCEPT OF A SPACE STATION/BASE As A PERMANENT
FACILITY (10 YEAR LIFE) IMPLIES SELF-CONTAINED AUTONOMOUS OPERATION.
THIS REQUIRES PERFORMING ONBOARD DATA MANAGEMENT AND CHECKOUT
FUNCTIONS WHICH ON PRESENT SPACECRAFTS ARE PERFORMED ON THE GROUND.
THE DESIGN AND DEVELOPMENT OF THE HARDWARE AND SOFTWARE TO PERFORM
THE ONBOARD CJMPUTATION. PROCESS CONTROL AND SYSTEM CHECKOUT IS
RECOGNIZED AS A CRITICAL TECHNOLOGY AREA. TO ASSURE THE AVAILABILITY
OF THIS CRITICAL TECHNOLOGY, AN ONBOARD DATA MANAGEMENT~HECKOUT
SYSTEM WILL BE INTERFACED WITH THE ENVIRONMENTAL THERMAL CONTROL/LIFE
SUPPORT SYSTEM. THE OBJECTIVE OF THIS TASK IS THE DEVELOPMENT OF
ONBOARD CHECKOUT HARDWARE DEVICES AND SOFTWARE PROGRAMS REQUIRED TO
INTERFACE THE SPACE STATION DATA MANAGEMENT SYSTEM B~EADBOARD WITH
THE ENVIRONMENTAL THERMAL CONTROL/LIFE SUPPORT SYSTEM (ETC/LSS) (RTOP
915-11-06). E~PHASIS WILL BE GIVEN TO PROVIDING AUTOMATED STATUS
MONITORING, DIAGNOSTICS, CONTROL AND CHECKOUT OF THE ETC/LSS DURING
THE IN-HOUSE OPERATION AND EVALUATION OF THE ETC/LSS. THIS TASK WILL
PROVIDE VALIDArIJN OF THE TECHNIQUES AND CONCEPTS DEVELOPED BY RTOP
125-23-14 AND 125-23-15.
285
RTOP NO. 908-41-33 TITLE: INFORMATION MANAGEMENT SYSTEM DESIGN FOR
FUTURE MISSIONS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: LYON, J. C. TEL. 713-483-2051
TECHNICAL SUMMARY
THE OBJECTIVE OF THE STUDY IN PROGRESS IS TO PROVIDE THE NASA A
TOOL FOR EVALUATION OF VARIOUS DESIGN ALTERNATIVES FOR THE EOSS
ONBGARD COMPUTER SYSTEM, THE INFORMATION MANAGEMENT SYSTEM (IMS)~ THE
TOOL _IS A SIMULATION PROGRAM FOR WHICH DESIGN HAS BEEN COMPLETED
(1-71) AND DEVELOPMENT WILL BE COMPLETED UNDER CURRENT FUNDING IN
JULY 1971. THE PROGRAM WILL BE EMPLOYED FOR BASIC SPECIFICATIONS OF
EQUIPMENT _AND SOFTWARE NECESSARY TO PERFORM ALL IMS FUNCTIONS.
EXTENSION OF FUNDING INCLUDES THE FOLLOWING TASKS: MAINTENANCE OF
THE SIMULATION PROGRAM, MODIFICATIONS NECESSARY TO MAINTAIN
COMPATIBILITY WITH MSC REMOTE TERMINAL SYSTEMS, PROGRAM IMPROVEMENTS,
AND ANALYSIS BY THE CONTRACTOF OF PROPOSED IMS DESIGN CONFIGURATIONS
USING THE SIMULATION PROGRAM.
RTOP NO. 908-41-33 TITLE: ADVANCING THE HAL LANGUAGE TO AN
OPERATIONAL STATUS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: GARMAN, J. TEL. 713-483-2308
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO PROVIDE A COMPILER LEVEL
LANGUAGE THAT WILL AID IN OPERATIONAL SOFTWARE DEVELOPMENT AND
SOFTWARE MANAGEMENT FOR NASA SPACE FL~GHT AND GROUND SUPPORT COMPUTER
SYSTEMS (E.G. THE SPACE SHUTTLE AVIONICS SYSTEM). TO MEET THIS
OBJECTIVE THREE TASKS WILL BE PERFORMED USING THE HAL LANGUAGE
(DELIVERED TO NASA UNDER CONTRACT 9-10542) WHICH WILL: 1. MAINTAIN
THE HAL COMPILER AND TRAIN USER S IN THE HAL LANGUAGE. 2. EXTEND THE
LANGUAGE AND CJMPILER CAPABILITIES. 3. DEVELOP A CODE GENERATOR FOR
A FLIGHT COMPUTER. MORE SPECIFICALLY, UNDER TASK 2, THE HAL LANGUAGE
WILL BE MADE EASILY TRANSFERRABLE FROM ONE COMPUTER TO ANOTHER;
CAPABILITY TO INTERFACE WITH OTHER HIGHER ORDER LANGUAGES AND
CAPABILITY FOR CODEOPTIMAZATION WILL BE ADDED; MACHINE INDEPENDENT
REAL TIME CONTROLS FEATURES WILL BE INCORPORATED AND ADVANCED
FEATURES IN STaRAGE MANAGEMENT AND I/O METHODOLOGY WILL BE DEVELOPED
AND ADDED o IN ADDITION TO THE CONTRACTED EFFORT DESCRIBED ABOVE AN
MSC-MANNED EFFJRT WILL BE PERFORMED IN ORDER TO DETERMINE _THE
EFFECTIVENESS 8F THE HAL LANGUAGE AS AN OPERATIONAL PROGRAMMING
TECHNIQUE IN CaMPARISON WITH A CURRENTLY USED ASSEMBLY LANGUAGE.
RTOP NO. 908-42-01 TITLE: STRUCTURES
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: ST. LEGER, L. G. TEL. 713-483-2626
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO EXPLORE TWO PROMISING NEW
TOOLS OF NONDESTRUCTIVE EVALUATION (NDE), LASER HOLO~RAPHIC
INTERFEROMETRY (LHI) AND ACOUSTIC EMISSION (AE), AND TO DEVELOP
UNDERSTANDING IN ALL OF THE IMPORTANT ADVANCED TECHNIQUES OF NDE TO
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SUPPORT MSC'S ROLE OF MANAGING THE DEVELOPMENT OF THE SPACE SHUTTLE.
HIGH-TEMPERATURE ADHESIVES WILL BE SURVEYED FOR THEIR SUITABILITY AS
A BONDING AG~Nr FOR THE SPACE SHUTTLE EXTERNAL INSULATION SYSTEM.
MECHANICAL AND THERMOELASTIC PROPERTIES OF CANDIDATE ADHESIVES WILL
BE DETERMINED THROUGHOUT THE RANGE OF DESIGN TEMPERATURES AS WELL AS
PROCESSING EFFECTS, THERMAL CYCLING EFFECTS, AND THICKNESS EFFECTS.
A SEPARATE PROCUREMENT WILL BE MADE OF AN ANALYTICAL TOOL FOR THE
ACCURATE PREDICTION OF BONDLINE STRESSES. PROVIDE STRUCTURAL DESIGN
DATk TO ASSESS THE POTENTIAL USE OF BERYLLIUM FOR HOT STRUCTURE ON
THE SPACE SHUTrLE. THE APPROACH IS FIRST TO DESIGN TYPICAL OPTIMUM
WEIGHT PANELS REPRESENTATIVE OF THE ABOVE-MENTIONED APPLICATIONS FOR
THE SPACE SHUTrLE. THE SECOND STEP INVOLVES THE MANUFACTURE AND
TESTING OF A FEW OF THESE REPRESENTATIVE PANELS. THE TECHNICAL
OBJECTIVE IS T~ DEVELOP REUSABLE MECHANICAL FASTENERS FOR USE IN AN
ENVIRONMENT OF 1800 DEGREES F, 2000 DEGREES F, 2500 DEGREES F. THE
MATERIALS CORRESPONDING TO THESE CUT-OFF TEMPERATURES ARE HAYNES 188,
TD-NICR, AND CB, RESPECTIVELY.
RTOP NO. 908-42-02 TITLE: SPACE SHUTTLE THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: SMITH, J. A. TEL. 713-483-3676
TECHNICAL SUMMARY
THE OVERALL VEHICLE THERMAL MANAGEMENT SYSTEMS FOR THE SHUTTLE
MUST BE FLEXIBLE AND ADAPTABLE ENOUGH TO ACCOMMODATE CHANGES IN
MISSIONS AND CJNFIGURATIONS AND MUST EFFICIENTLY UTILIZE AVAILABLE
HEAT SOURCES AND SINKS. THE MULTI-MISSION REQUIREMENT FOR THE
SHUTTLE PRESENrS PARTICULAR DESIGN PROBLEMS IN THERMAL CONTROL DUE
TO: {1} LIFE-CYCLE CONSIDERATIONS, AND (2) THE WIDE RANGE OF
REQUIRED OPERATING CONDITIONS VARYING FROM THOSE SIMILAR TO
CONVENTIONAL AIRCRAFT, TO SPACECRAFTS SUBJECTED TO BOOST, ORBITAL AND
REENTRY THERMAL CONDITIONS. THE OBJECTIVE OF THIS RTOP IS TO DEVELOP
CANDIDATE THERMAL CONTROL CONCEPTS WHICH OFFER POTENTIAL SOLUTIONS
FOR SHUTTLE DESIGN PROBLEMS AND DEVELOP IMPROVED ANALYTICAL
TECHNIQUES FOR MORE EFFECTIVE DESIGN AND EVALUATION. HEAT PIPE
THERMAL CONTROL SYSTEMS OFFER THE POTENTIAL FOR LONG LIFE AND TROUBLE
FREE HEAT TRANSPORT AND REJECTION AT LOW WEIGHTS FOR SPACE SHUTTLE
EQUIPMENT COOLING APPLICATIONS. DESIGN AND TESTIN~ OF PROTOTYPE
THERMAL CONTROL SYSTEMS APPLICABLE TO THE UNIQUE SPACE SHUTTLE
ENVIRONMENT AND REUSE APPLICATIONS WILL BE PURSUED TO PROVIDE THERMAL
CONTROL DESIGN OPTIONS FOR THE SHUTTLE VEHICLE. VEHICLE COMPLEXITY
AND USE OF ADVANCED COMPONENTS REQUIRES IMPROVED ANALYTICAL METHODS
AND EXTENSIVE VEHICLE LEVEL ANALYSIS FOR DESIGN SUPPORT AND MISSION
PLANNING. THE ANALYTICAL TECHNIQUES DEVELOPMENT PROGRAM IS DIRECTED
TOWARDS DEVELOPING COMPUTER PROGRAMS FOR USE AS ANALYTICAL TOOLS FOR
THE SHUTTLE PROGRAM.
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SHUTTLE - GUIDANCE AND NAVIGATION
CENTER
TEL~ 713-483-2851
RTOP NO. 908-42-03 TITLE: SPACE SHUTTLE - PROPULSION
ORGANIZATION~ MANNED SPACECRAFT CENTER
MONITOR: BUCHANAN r M. C~ TEL. 713-483~5189
TECHNICAL SUMMARY
MANUFACTURE VARIOUS SEALS FROM MATERIALS WHICH HAVE BEEN
SELECTED FROM PREVIOUS DEVELOPMENT CONTRACTS, ALSO FROM PROMISING NEW
MATERIALS. IT ALSO SHOULD BE CONSIDERED TO SYNETHESIS ADDITIONAL NEW
MATERIAL FOR SEAL TESTING. THESE SEALS WILL BE USED IN STATIC AND
DYNAMIC APPLICATIONS IN BOTH LiQUID OXYGEN AND LIQUID HYDROGEN. A
SELECTION WILL BE MADE FROM PROMISING NEW MATERIALS FOR USE IN
FURTHER TESTING~ THESE MATERIALS WILL BE FABRICATED INTO DIFFERENT
DESIGNS AND TESTED TO DETERMINE THEIR FUNCTIONAL CHARACTERISTICS.
RTOP NO. 908-42-05 TITLE: SPACE POWER DEVICES
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: EASTMAN, Fo Eo TEL. 713-483-3171
TECHNICAL SUMMARY
THE SPACE ELtCTRICAL POWEE SYSTEM MUST PERFORM IMPORTANT
PDNCTIONS g SUCH AS: (1) ACCEPT POWER FROM THE PRIMARY POWER SOURCE
~ND PROVIDE ~O~ER PROCESSING; (2) DISTRIBUTE THIS POWER FROM THE
SOURCE TO THE VARIOUS LOADS THROUGH BUSES, LOAD CENTERS, AND FEEDER
CIRCUITS: AND (3) PROVIDE THE REQUIRED CIRCUIT PROTECTION AND
CONTROL e THREE CLASSES OF HARDWlt HE NEEDED FOR PERF~R~UNG THE SE
FUNCTIONS ARE: (1) POWER PRoeES SING EQUIPMENT (CONVERTERS r
INVERTERS, VOll' AGE REGULATORS g ETC.); (2) WIRING, CONNECTORS, AND
ASSOCIATED EQUIPMENT~ AND (3) CIRCUIT CONTROL AND PROTECTION DEVICES
(CIRCUIT BREAKERSi" P,USES, POWER DISCONNECT, SWITCHES, ETC.) 0 AS
DETERMINED FROM AN EVALUATION OF THE SHUTTLE CONSTRAINTS, GUIDELINES,
AND REQUIREMENrS, THIS EFFORT INVOLVES TWO SUBTASKS WHICH WILL
SUPPORT THE ABJVE SYSTEM FUNCTIONS. THESE TASKS ARE AS FOLLOWS: 01
DYNAMIC LOAD SIMULATOR - THIS DEVELOPMENT WILL ENABLE ELECTRICAL
POWER SYSTEM LJADS TO BE SIMULATED TO ALLOW EVALUATION OF REALISTIC
TRANSIENT CONDITIONS. THE SYSTEM IS DIVIDED INTO TWO AREAS: (1)
DYNAMIC LOAD INTERROGATOR AND (2) DYNAMIC LOAD SIMULATOR. MSC CAN
PROVIDE SOME LOAD INTERROGATION AND FUNCTIONAL SUPPORT EQUIPMENT AS
AN APPROACH TO REDUCE COST. THE DYNAMIC LOAD SIMULATOR APPROACH
INCLUDES A STUDY PHASE~ ENGINEERING MODEL PHASE, AND
PROTOTYPE/pRODUCTION PHASE. 02 SWITCHING DEVICES (SOLID STATE REMOTE
POWER CONTROLLERS) - DEVELOPMENT OF SOLID STATE REMOTE POWER
CONTROLLERS IS NEEDED TO MEET THE OPERATIONAL AND UNIQUE
ENVIRONMENTAL REQUIREMENTS OF THE SHUTTLE. THE APPROACH INCLUDES A
DESIGN STUDY, EVALUATION OF SELECTED COMPONENT DESIGN r AND THE
DEVELOPMENT, FABRICATION, AND TESTING OF AN ENGINEERING MODEL.
RTOP NO. 908-42-10 TITLE: SPACE
ORGANIZATION: MANNED SPACECRAFT
MONITOR: CHEVERS e E.
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO PROVIDE FEASIBLE GN&C SYSTEM
DESIGNS AND FUNCTIONAL SOFTWARE ROUTINES (EQUATIONS AND ALGORITHMS)
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IN THE AREAS OF SHUTTLE ENTRY NAVIGATION~ ENTRY GUIDANCE AND CONTROL,
AND _IN-ORBIT DELTA-V GUIDANCEe THIS PROGRAM WILL BE A CONTINUATION
OF SIMILAR ANALYTICAL ACTIVITIES FUNDED UNDER FI71 PROGRAMS 908-42-08
AND 908-41-10. THE VEHICLE CCNFIGURATIONS AS DEVELOPED UNDER0 THE
PHASE _B PROGRAM STUDIES WILL BE ANALYZED TO DETERMINE THE GN&C
SYSTEM REQUIREMENTS POR THE ABOVE STATED FLIGHT MODES. THE
REQUIREMENTS WILL BE TRANSLATED INTO SYSTEM CONCEPTS AND EQUATION
DESIGNS WHICH WILL SATISFY THE MISSION AND VEHICLE REQUIREMENTS FOR
THESE FLIGHT MJDES. THE OBJECTIVE OF THIS TASK IS TO PROCEED WITH
THE FABRICATION OF LABORATORY PROTOTYPES OF A VOTER COMPARATOR SWITCH
(VCS) DEVICE. THIS DEVICE, CONCEIVED AND DESIGNED UNDER FY70
908-41-10 AND FY71 908-41-08 PROGRAMS, IS AN ADAPTIVE VOTER ELEMEN~
WHICH CAN INTERFACE UP TO FOUR COMPUTERS IN A REDUNDANT
RECONFIGURABLE SYSTEM. IT IS INTENDED THAT THE FABRICATION USE
STATE-OF-THE-ART LARGE SCALE INTEGRATION. THE PROTOTYPE DEVICES WILL
BE DELIVERED TD MSC AND INTERFACED WITH CANDIDATE _FLIGHT-TYPE
COMPUTERS FOR LABORATORY EVALUATION OFc VOTING AND RECONFIGURATION OF
REDUNDANT SYSTEMS.
RTOP NO. 908-42-18 TITLE: SPACE SHUTTLE - CHECKOUT
ORGANIZATION: MANNED SPACECRAFT CENTER ,," ..
MONITOR: MARLOWE g G. De TEL. 713-483-6196
TECHNICAL SUMMARY
THE INTERDEPENDENCE OF HARDWARE, COMPUTER SYSTEMS AND FUNCTIONAL
_APPLICATIONS ~UST BE RECOGNIZED AS A SIGNIFICANT AREA SINCE ANY ONE
MAY INFLUENCE THE DESIGN OF THE OTHER DURING THE DEVELOPMENT PHASES.
THIS EFFORT WILL ASSURE EMPHASIS ON CRITICAL COMPUTER SYSTEM
CONSIDERATIONS OF CHECKOUT, R EDUNDA NCYCONTROL, ERROR RECOVERY,
VERIFICATION TECHNIQUES, AND DESIGN oi A BASIC DATA MANAGEMENT
OPERATING SYSTEM FOR THE SPACE SHUTTLEe THIS EFFORT BUILDS UPON AND
INTEGRATES THE FY-70 AND FY-71 TECHNOLOGY ACTIVITIES. THE STUDIES
AND RECOMMENDArIONS OF THE FY-70 STUDIES WILL BE UTILIZED IN THE
FY-71 TECHNOLO:;Y DEVELOPMENT OF THE DETAILED EXECUTIVE DESIGN AND
PROCEDURESe THE DETAILED SPECIFICATIONS AND PROCEDURES DELIVERED
UNDER THE FY-71 EFFORT WILL BE UTILIZED TO SPECIFY, DELIVER AND
DOCUMENT A DATA MANAGEMENT OPERATING SYSTEM WHICH WILL BE UTILIZED
WITH AN MSC SUBSYSTEM BREADBOARD SlSTEM. THIS SYSTEM WILL INCLUDE A
FLIGHT COMPUTER (4 PI), DATA BUS, REDUNDANT POWER DISTRIBUTION
SYSTEM, SIMULArEO ENVIRONMENTAL CONTROL SYSTEM AND A GENERAL PURPOSE
SIMULATION COMPUTER (360/44). THE DEVELOPMENT AND TESTING OF REAL
APPLICATIONS BASED UPON PAST TECHNOLOGY EFFORTS IS EXPECTED TO DRIVE
CRITICAL PROBLEM AREAS WHICH WOULD NOT OTHERWISE BE UNCOVERED UNTIL
LATE IN THE SHUTTLE PROGRAM.
RTOP NO. 908-42-37 TITLE: SPACE SHUTTLE - CRYOGENIC STORAGE SYSTEMS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: ALLGEIER, R. K. TELe 713-483-4771
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO CONTINUE A CURRENT EFFORT
WHICH WILL COMPARE VARIOUS THERMAL PROTECTION SYSTEMS UTILIZING A 225
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FEET CUBED LIQUID OXYGEN TANK AS A TEST BED. THIS VESSEL IS DESIGNED
TO OPERATE AT 160 PSI AND EMPLOYS A GLASS-EACED COMPOSITE, HARD OUTER
SHELL. PERFORMANCE SHOULD BE BQUAL TO THAT OF THE VERY MUCH SMALLER
APOLLO SM CRY03ENIC DEWARS. TESTING OF THE FIRST PHASE THERMAL
PROTECTION SYSTEM WILL BE COMPLETE BEFORE FY 12. CURRENTLY g THE
SECOND PHASE OF THIS EFFORT EMBODIES AN INITIAL REFURBISHMENT OF THE
VESSEL AIMED AT OPTIMIZING A THERMAL PROTECTION SYSTEM WHICH WOULD
SATISFY THE SPACE SHUTTLE ORBITAL MANEUVERING SYSTEM 02 TANK
REQUIREMENTS. THE THIRD CONTINUATION PHASE, CONSISTING OF A SECOND
REFURBISHMENT, WILL BE FURTHER OPTIMIZATION AND COMPARATIVE TESTING.
THIS EFFORT WILL CONTINUE A PBOGRAM CURRENTLY UNDERWAY FOR THE
DEVELOPMENT OF A CRYOGENIC THERMAL TEST ARTICLE TO BE MANUFACTURED
AND TESTED IN SUPPORT OF THE SPACE SHUTTLE-ORBITAL MANEUVERING SYSTEM
LH2 TANK(S). THE OBJECTIVE IS TO EVALUATE AND COMPARE THERMAL
PROTECTION SYSTEMS USING THE LH2 TANK AS A TEST BED. THE PRIMARY
OBJECTIVE IS TJ MANUFACTURE AND TEST A FULL-SCALE VACUUM JACKET SHELL
TO_BE USED WITH THE CRYOGENIC HYDROGEN AND OXYGEN INSULATION SYSTEMS
FOR THE SPACE SHUTTLE ORBITERG SECONDARY OBJECTIVES WILL BE TO
DETERMINE MANUFACTURING COSTS, FINAL VACUUM JACKET WEIGHT g EASE OF
FABRICATION u VACUUM MAINTENANCE DURING LOAD AND TEMPERATURE CYCLING
FOR 100 SIMULArED FLIGHTS, AND EASE OF REPAIR AND FIELD MAINTENANCEG
RTOP NOa 908-42-38 TITLE: MATERIALS
ORGANIZATION: MANNED SPACECRAFT CENTER,
MONITOR: STROUHAL, G. TEL. 713-483-3676
TECHNICAL SUMMA RY _ 0'
THE OBJECTIVES OF THIS PROGRAM ARE THE GENERATION OF DATA FOR
PRELIMINARY DESIGN ACTIVITIES AND CONFIRMATION THAT APPROPRIATE
PROCEDURES HAVE BEEN SELECTED FOR PROPERTY MEASUREMENTS,
NONDESTRUCTIVE TESTING, AND DESIGN. PRELIMINARY DESIGN DATA WILL BE
GENERATED FOR rwo CLASSES OF TPS MATERIALS - SURFACE INSULATION AND
CARBON/CARBON COMPOSITES. PRELIMINARY PROPERTY AND PERFORMANCE
SPECIFICATION WILL BE WRITTEN. ~HE OBJECTIVE OF THIS TASK IS TO
DEVE~OP THE ANALYTICkL METHODS BEEPED TO UNDERSTAND AND PREDICT THE
THERMAL PERFORMANCE OF THE SPACE SHUTTLE THERMAL PROTECTION SYSTEM.
THERMO-CHEMICAL, BOUNDARY-LAYER v AND MATERIAL RESPONSE ANALYSES AND
COMPUTER PROGR~MS CURRENTLY IN USE AT MSC WILL BE MODIFIED AND
UPDATED v AS RE~UIRED, FOR APPLICATION TO THE SHUTTLE CONFIGURATION
AND ENVIRONMENT. INVESTIGATION IS REQUIRED TO: PROVIDE AN ADHESlVE
SYSTEM THAT WILL PERFORM IN THE 600 TO 700 F RANGE; IS STRAIN
COMPATIBLR WITH SURFACE INSULATION UNDER THERMAL AND MECHANICAL
CYCLING; HAVE MINIMUM DENSITY; AND HAVE REUSE CAPABILITY POR 100
SHUTTLE MISSIONS. THIS WORK SHOULD INCLUDE STRUCTURAL ADHESIVES AND
COMPOSITE RESINS p AND FLEXIBLE ADHESIVES SUCH AS THE SILICONE RUBBER
SEALANTS.
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RTOP NO. 908-42-39 TITLE: SPACE SHUTTLE - AEROTHERMODYNAMICS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: GONZALEZ, R. G. TEL~ 713-483-2231
TECHNICAL SUMMARY
THIS EFFORT IS DESIGNED TO PROVIDE CURRENT STATE-OF-THE-ART
TECHNOLOGY STUDIES IN SUPPORT OF THE ENGINEERING DESIGN ANALYSIS ON
THE SPACE SHUTTLE VEHICLES. IT INCLUDES ANALYTICAL STUDIES AND
EXPERIMENTAL TESTING AS NECESSARY TO ANALYZE VEHICLE
AEROTHERMODYNAMIC CHARACTERISTICS AND TO ACCURATELY DEFINE
PERFORMANCE CAPABILITIES. DETAILED SIMULATION ANALYSIS OF THE SPACE
SHUTTLE PLUME IMPINGEMENT PROXIMITY AERODYNA~ICS EFFECTS DURING STAGE
SEPARATION WILL BE PERFORMED. STUDIES WILL BE PERFORMED IN DEVELOPING
AND IMPROVING rHE ANALYSIS TECHNIQUES FOR VEHICLE AERODYNAMIC
CONFIGURATION TRADE STUDIES CURRENTLY BEING USED FOR THE SPACE
SHUTTLE VEHICLE DESIGN. ANALYTICAL STUDIES AND EXPERIMENTAL TESTING
WILL BE PERFORMED TO ANALYZE THE AERODYNAMIC CONTROL EFFECTIVENESS OF
THIS VEHICLESo
RTOP NOo 908-42-39 TITLE: AEROTHERMODYNAMICS - INTERFERENCE
AEROTHERMODYNAMICS AND SHOCK IMPINGEMENT
ORGANIZATIOB: MANNED SPACECRAFT CENTER
MONITOR: GOODRICH~ W. De TELe 713-483-2326
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS ACTIVITY IS TO OBTAIN PARAMETRIC HEAT
TRANSFER w PRESSURE, AND FLOW VISUALIZATI~N DATA, WHICH REFLECT THE
INFLUENCE OF VEHICLE GEOMETRY AND FREE STREAM CONDITIONS ON THE
AEROTHERMODYNAMICS ENVIRONMENT ASSOCIATED WITH (1) SEPARATED FLOW g
(2) NON-EQUILIBRIUM SHOCK AND BOUNDARY LAYERS, AND (3) BOUNDARY LAYER
TRANSITION IN rHE SPECTRUM OF APPLICABILITY TO SPACE SHUTTLE
CONFIGURATIONS. EXPERIMENTAL PROGRAMS WILL BE PERFORMED WHICH WILL
PROVIDE THE DATA NECESSARY TO FULFILL THE TASK OBJECTIVES. PRETEST
ANALYSES AND SUBSEQUENT DATA CORRELATION WILL COMPLETE THE OVERALL
TASK OBJECTIVESo
RTOP NO. 908-42-42 TITLE: SIMULATION GUIDELINES AND TECHNIQUES FOR
MULTIPLEX DATA SYSTEMS FOR SHUTTLE
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: NOLTING, A. Go TEL. 713-483-5121
TECHNICAL SUMMARY
THE GOAL OF THIS RESEARCH AND TECHNOLOGY OPERATING PLAN IS TO
PROVIDE A COMPREHENSIVE SET OF AVIONICS SIMULATION REQUIREMENTS FOR
AN INTERIM FUNCTIONAL SIMULATION AND THE SHUTTLE MISSION SIMULATOR.
EFFORTS WILL BE DIRECTED TOWARD EVALUATING ALTERNATIVES~ E.G.,
SIMULATION TECHNIQUES, SIMULATION COMPUTER COMPLEX CONFIGURATION, AND
ESTABLISHING THE REQUIREMENTS FOR THE COMPUTER SYSTEMS AND PROGRAMS
FOR THE SHUTTLE MISSION SIMULATOR. THE DATA GENERATED IS REQUIRED
EARLY DURING THE SHUTTLE PHASE C EFFORT TO INFLUENCE CREW STATION
DESIGN AND FOR _THE EARLY DEVElOPMENT OF SIMULATORS AND SOFTWARE
PROGRAMS TO BE USED FOR CREW TRAININGq
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RTOP NO. 908-44-13 TITLE: SPACE SYSTEMS - CONTAMINATION
IDENTIFICATION, MEASUREMENT AN~ CONTROL
IN SPACE ENVIRONMENT TEST CHAMBERS
ORGANIZATION: MANNED SPACECRAFT CENTER.
MONITOR: EHLERS, H. K. TEL. 713-483-2254
TECHNICAL SUMMARY
SINCE ENVIRONMENT SIMULATION PLAYS A SIGNIFICANT ROLE IN TODAYiS
SPACE PROGRAMS. AS SPACE VEHICLE DESIGNS BECOM~ MORE COMPLEX AND
SPACECRAFT MISSION DURATIONS INCREASE, SPACE SIMULATION FACILITIES
ARE FACED WITH MANY STRINGENT CLEANLINESS REQUIREMENTS. A MAJOR
CONCERN OF MANY EXPERIMENTORS IS THE MOLECULAR CONTAMINATION OF
ULTRASENSITIVE EXPERIMENT COMPONENTS, VIZ. OPTICAL SYSTEMS, THERMAL
CONTROL COATINGS, ETC. ALTHOUGH AN EXTENSIVE EFFORT HAS BEEN
UNDERTAKEN AT ~SC TO MEASURE, IDENTIFY, AND CONTROL CONTAMINANTS IN
THE PAST, IT IS NOW NECESSARY TO UPDATE AND ADVANCE THE TECHNOLOGY IN
THIS AREA. AN ~NALYTICAL STUDY WILL BE PERFORMED TO DEFINE (1) A MATH
MODEL OF MOLECULAR FLOW (FLUX) IN CHAMBER A AT MSC.. (2) NEW MOLECULAR
CONTAMINATION MEASUREMENT TECHNIQUES, AND (3) NEW METHODS OF CHAMBER
CONTAMINATION CONTROL AND CLEANUP. "PROOF OF PRINCIPLE" HARDWARE WILL
BE FABRICATED (WHERE NECESSARY) ~ TESTED, AND EVALUATED IN THE MSC
LABORATORIES. AT THE COMPLETION OF THESE EFFORTS g NEW ANALYTICAL
TOOLS, IMPROVED CONTAMINATION MEASUREMENT EQUIPMENT, AND NEW
CONTAMINATION :ONTROL TECHNIQUES WILL BE AVAILABLE TO INSURE THAT
MSC'S SPACE ENVIRONMENT SIMULATION FACILITIES MEEf THE MINIMAL
CLEANLINESS REQUIREMENTS FOR FUTURE TESTS.
RTOP NO~ 908-44-13 TITLE: SPACE SYSTEM - CORONA DETECTION SYSTEM
ORGANIZATION: MANNED SPACECRAFT CENTER,· ----;-
MONITOR: BILLINGSLEY g D. G~ TEL. 713-483-4226
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS ITEM IS TO DEVELOP A MEASUREMENT DEVICE OR
SENSOR/READOUT SYSTEM FOR THE REAL-TIME DETECTION OF
CORONA/IONIZATION PHENOMENON IN LARGE SPACE ENVIRONMENT SIMULATION
CHAMBERS. THE DESIRED DETECTION SYSTEM SHOULD HAVE SUFFICIENT
DIRECTIONAL CAPABILITY TO PERMIT A MULTI-SENSORED SYSTEM TO LOCATE A
CORONA CONDITIJN BY AZIMUTH INTERSECT METHODS, SHOULD PERMIT GROSS
DETERMINATION JF CURRENT FLOW DUE TO CORONA PHENOMENA, AND SHOULD
PERMIT DETERMINATION OF THE TYPE CORONA CONDITION PRESENT (I.E. "GLOW
DISCHARGE 11 if "SP ARK DISCHARGE, n "ARC" e ETC). THE SYSTEM SHOULD NOT
REQUIRE ELECTRICAL CONNECTION INTO THE SYSTEMS IN WHICH CORONA
PHENOMENA MAY BE ENCOUNTERED. THE ENVISIONED APPROACH TO THIS
DEVELOPMENT IS TO DETERMINE THE PHYSICAL CHARACTERISTICS OF CORONA
CONDITIONS CAPABLE OF REMOTE SENSING, FABRICATE AND FIELD TEST A
BREADBOARD SYSTEM, AND TO SPECIFY THE DESIGN CRITERIA FOR A PROTOTYPE
SYSTEM.
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RTOP NO. 908-44-31 TITLE: ONEOARD CONSUMABLES M~NAGEMENT FUNCTIONAL
REQUIREI~ENTS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: :ASSETTI e M. D. TEL. 713-483-4581
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO DEVELOP A FEASIBLE CONCEPT FOR
AN ONBOARD CONSUMABLES MANAGEMENT SYSTEM FOR MANNED SPACECRAFT. THIS
CONCEPT WILL BE SELECTED FROM A TRADEOFF OF A MATRIX OF CONCEPTS
WHICH ARE CONSISTENT WITH THE GOAL OF AUTONOMOUS OPERATIONS. THE
SELECTED CONCEPT WILL BE ANALYZED TO DETERMINE THE FUNCTIONAL
REQUIREMENTS IMPOSED UPON THE AVIONICS SOFTWARE SYSTEMS, SENSORS AND
DISPLAYS, CREW TASKS, AND PREFLIGHT DATA AND PREDICTIONS.
RTOP NO. 908-44-35 TITLE: PROGRAM MANAGEMENT AND SYSTEMS MANAGEMENT
TECHNOLOGY TRANSFERENCE
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: MOLNAR, W. e JR. TEL. 713-483-3918
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEMONSTRATE THE APPLICATION OF
PROGRAM MANAGEMENT AnD SYSTEMS MANAGEMENT TECHNIQUES DEVELOPED BY
NASA/MSC DURING THE PAST MANNED SPACECRAFT PROGRAMS TO THE PROGRAMS
OF OTHER CIVIC AGENCIES, SPECIFICALLY THE TEXAS TEKTITE PROGRAM. THE
INTENT IS TO MAXIMIZE THE TECHNOLOGY TRANSFER FROM ONE ORGANIZATION
TO ~NOTHER IN fHE AREA OF MANAGEMENT OF LARGE PROGRAMS.
RTOP NO. 908-4~-3S TITLE: COST, SCHEDULE# AND TECHNICAL DATA FROM
ADVANCED FLIGHT VEHICLES
ORGANIZATION: MANNED SPACECRAFT CENTER -~~_
MONITOR: MANDELL, H. C. TEL. 713-483-2741
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS STUDY IS TO IMPROVE MSC'S CAPABILITY OF
DEVELOPING COST AND SCHEDULE ESTIMATES AND RELATIONSHIPS FOR EXISTING
AND FUTURE MAN~ED SPACECRAFT PROGRAMS. BECAUSE OF THE INHERENT
DESIGN OF ADVANCED FLIGHT VEHICLES, TECHNICAL PARAMETERS THAT
CORRELATE TO CJST AND SCHEDULE CAN BE USED AS A BASIS FOR CREDIBLE
PARAMETRIC ESTIMATING. THE APPROACH TO BE USED IN THIS STUDY WILL BE
THAT OF TASKING VARIOUS MANUFACTURERS OF ADVANCED FLIGHT VEHICLES TO
SUPPLY SELECTED DATA IN A FORM WHICH CORRELATES TO STANDARD NASA
PROGRAM CONVENTIONS FOR COST, SCHEDULE, AND TECHNICAL PARAMETERS.
RTO? NO~ 908- 44-3 5 TITLE: SY STEM S ENGINEERING - MAS S PROPERTIES
TECHNOLOGY
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: PIERCY, N. A. TEL. 713-483-3319
TECHNICAL SUMMARY
TO DEVELOP METHODS AND TECH~IQUES FOR FORECASTING SPACECRAFT
MASS PROPERTIES GROWTH AND VARIATIONS AS A FUNCTION OF DESIGN
MATURITYoCORRELATION WILL BE MADE TO VEHICLE PARAMETERS q DESIGN
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MILESTONES, COST AND SCHEDULE. THE TECHNIQUES WILL BE USED TO
?ROVIDE CONSISTENT EVALUATIONS FOR IN-HOUSE AND CONTRACTED EFFORTS.
INITIAL EFFORTS WILL USE SPACECRAFT GEOMETRY AND PACKAGING FACTORS
WITH PROGRAM CORRELATION COMPLETED IN THE FINAL PORTION OF THE STUDY.
THIS ALLOWS DEVELOPMENT OF TECHNICAL APPROACHES EARLY AND PROVIDES
AFOUNDATION FOR THE MORE EMPERICAL DERIVATIONS FOR THE PROGRAMMATIC
CORRELATION.
RTOP NO. 908-44-36 TITLE: MECHANICAL SYSTEMS - SPACECRAFT DOCKING
ANDcWINDOW TECHNOLOGY
ORGANIZATION: MANNED SPACECRAFT CENTER _
MONITOR: LIVINGSTON, L. E. TEL. 113-483-4966
TECHNICAL SUMMARY "A
DESIGN AND AID IN DEVELOPMENT OF A DOCKING SYSTEM FOR ADVANCED
SPACECRAFT APPLICATION. PERFORM CONCEPT STUDIES, TRADE OFF ANALYSES q
DYNAMIC ANALYSES, AND DESIGN ANALYSES, AND DO THE PRELIMINARY DESIGN
WORK REQUIRED TO DEFINE THE DOCKING SYSTEM DESIGN AND PERFORMANCE.
FABRICATION OF TEST HARDWARE FOR IN-HOUSE TEST AND EVALUATION.
PERFORM DESIGN AND FABRICATION OF WINDOW CONCEPTS FOR FUTURE
SPACECRAFT APPLICATION. WINDOW DEVELOPMENT WILL ENCOMPASS THOSE
PROBLEMS EXPERIENCED IN PRESENT PROGRAMS. THE FABRICATED WINDOWS WILL
BE USED AS TEST ARTICLES IN THE DEVELOPMENT PROGRAM WHICH IS TO BE
CONDUCTED AT THE MANNED SPACECRAFT CENTER. FINAL RESULTS, WILL BE TO
DEPINE DESIGN FEASIBILITY AND PERFORMANCE OF THE CONCEPTS.
RTOP NO. 908~44-38 TITLE: SPACE SYSTEMS - MATERIALS
ORGANIZATION: MlI.NNED SPACECRAFT CENTER ' ~I __
MONITOR: DAWN, F. S. TEL. 713-483-4336
TECHNICAL SUMMARY
ADVANCEMENT OF THE STATE-OF-THE-ART TECHNOLOGY TO DEVELOP A
FLAME RESISTANT ORGANIC FIBROUS MATERIALS THAT WILL NOT SUPPORT
COMBUSTION IN AN OXYGEN ENRICHED ENVIRONMENT.' THE r1ATERIALS
DEVELOPED WILL BE SUITABLE FOR THE FUTURE MANNED SPACECRAFT BECAUSE
OF ITS DURABILITY, FLEXIBILITY g ABRASION RESISTANCE AND PHYSIOLOGICAL
COMPATIBILITY TO SATISFY THE LCNG MISSION REQUIREMENT. A NEW
COMPOSITION OF HALOGENATED COMPOUNDS WILL BE DEVELOPED AND
INCORPORATED I~TO AROMATIC POLYMERS WHICH WILL RENDER FIBERS
NO NF LAM MABL E•
RTOP NO. 908-51-02 TITLE: SPACE STATION THERMAL CONTROL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER" 'r~~:"i';';:_" ~::" : ",,--
MONITOR: VANIMAN, J. L. TEL. 205':c453"':3821"'-~/:-
TECHNICAL SUMMARY
THE TASKS :OVERED BY THIS RTOP ARE DIRECTED TOWARD PROVIDING
TECHNOLOGICAL SOLUTIONS TO THERMAL CONTROL PROBLEMS INTRODUCED BY NEW
SPACECRAFT REQUIREMENTS FOR LONG TERM HIGH RELIABILITY OPERATION IN
SPACE FOR PERIJDS UP TO TEN YEARS. LONG TERM TESTS OF THERMAL CONTROL
SURFACES AND STUDIES OF ACTIVE THERMOELECTRIC SURFACE COATINGS AND
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DEPLOYABLE AND ORIENTABLE RADIATORS WILL BE PERFORMED TO PROVIDE
RESOLUTION AND CIRCUMVENTION OF LIMITED HEAT REJECTION CAPABILITY
IMPOSED BY RADIATION BLOCKAGE OF CONTIGUOUSLY DOCKED MODULES AND BY
SURFACE OPTICAL PROPERTY DEGRADATION/CONTAMINATION RESULTING FROM
PROLONGED EXPOSURE TO THE SPACE ENVIRONMENT. THERMAL CAPACITOR, LONG
LIFE CIRCULATION PUMP, HEAT MANAGEMENT, BEAT PIPE SYSTEM, AND THERMAL
CONTACT CONDUCrANCE STUDIES WILL BE PERFORMED TO ASSURE EFFICIENT
HIGHLY RELIABLE LONG LIFE THERMAL CONTROL SYSTEM TECHNOLOGY IS
AVAILABLE FOR MODULE DESIGN. SCALE MODELING TECHNIQUES WILL BE
DEVELOPED FOR MAKING THERMAL VACUUM DESIGN VERIFICATION TESTS OF FULL
SYSTEMS PRACTICAL AND ECONOMICAL. PROJECTED TIME TO COMPLETE THE
OBJECTIVES OF THIS RTOP IS 6 YEARS. FY 72 RESOURCE GUIDELINE IS 250K.
FY 72 DIRECT MAN-YEARS REQUIREMENT IS 3.
RTOP NO. 908-51-04 TITLE: SPACE STATION ArTITUDE CONTROL PROPULSION
SYSTEMS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: JONES, L. W. TEL. 205-453-3B14
TECHNICAL SUMMARY
THIS PLAN IS TO ESTABLISH THE ATTITUDE CONTROL PROPULSION SYSTEM
CACPS) DESIGN ~PERATIONAL METHODOLOGY AND CO~PONENT REQUIREMENTS TO
SATISFY THE MANNED SPACE STATION REQUIREMENTS AND DEMONSTRATE THE
NECESSARY COMPJNENT, SYSTEM AND OPERATIONAL TECHNOLOGY. THIS EFFORT
IS NECESSARY TJ PROVIDE THE CAPABILITY TO MEET THE LONG DURATION AND
LARGE IMPULSE NEEDS OF THE SPACE STATION WITH A MINIMUM OF CREW
ACTIVITY FOR REFURBISHMENT AND RESUPPLY. THESE OBJECTIVES WILL BE
ACCOMPLISHED BY A LOGICAL SEQUENCE OF REQUIREMENTS DEFINITION AND
ANALYSIS g COMPJNENT AND SYSTEM DESIGN AND TRADEOFF STUDIES, AND
EXPERIMENTAL DEMONSTRATION OF BREADBOARD COMPONENTS AND SYSTEMS. THE
ACPS REPAIR, RESUPPLY AND MAINTENANCE CONTRACTS BEGUN IN PREVIOUS
FISCAL YEARS HAVE BEEN COMPLETED. THE "EVALUATION OF THE TRASH
ROCKET CONCEPT" TASK WILL COMMENCE IN CY-71 AND CONTINUE FOR TEN
MONTHS. IT IS A SOLE-SOURCE CONTRACT TO UNITED TECHNOLOGY CENTER,
DIVISION OF UNITED AIRCRAFT CORP. WHICH WILL PROVIDE SOME FUNDAMENTAL
DATA RELATIVE TO THE POTENTIAL OF THE HYBRID SYSTE~ USING TRASH AS
THE FUEL.
RTOP NO. 908-51-05 TITLE: ELECTRICAL POWER - ~PACE STATION PART II
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER ·T-c."·?;"·~;:YT~::~:i1;:B.··,
MONITOR: MILLER, J. L. TEL. 205-453-4567
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO INVESTIGATE THE NATURE OF
CELL TO CELL AND CELL TO SUBSTRATE PROBLEMS KNOWN TO EXIST THROUGH
PREVIOUS EXPERIENCE AND TO DEVELOP CELL STACK TECHNOLOGY FOR SPACE
STATION APPLICATION WITH HIGHEST RELIABILITY AND LONGEST LIFETIME.
PROBLEM AREAS TO BE ADDRESSED SPECIFICALLY INCLUDE INTERCELL
CONNECTION TECHNIQUES, BONDING TECHNIQUES AND MATERIALS
COMPATIBILITY, HOT SPOT PHENOMENON RELATING TO NON-PRODUCING CELLS,
REVERSE LEAKAGE AND AVALANCHE BREAKDOWN, THERMAL MASS EFFECTS OF
VARIOUS CELL STACK AND SUBSTRATE DESIGNS. THE OBJECTIVES WILL BE
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ACCOMPLISHED THROUGH A COMBINATION OF IN-HOUSE AND CONTRACTED EFFORTS
BROKEN DOWN INfO INDIVIDUAL TASKS. IN GENERAL, EACH TASK AREA WILL
BE WORKED IN THREE PHASES AS FOLLOWS: (1) ANALYSIS OF THE MATERIALS
PROPERTIES RELATING TO THE PROBLEM, (2) DESIGN AND FABRICATION OF
CELL STACK MATRIX TEST ARTICLES, AND (3) TEST AND EVALUATION. IT IS
INTENDED THAT MAXIMUM COST EFFECTIVENESS BE REALIZED THROUGH
APPROPRIATE USE OF MSFC TEST FACILITIES AND EXPERIENCE GAINED ON
EARLIER PROG-RAM S 1NCL UDING SKYIAB. 't--'
RTOP NO. 908-51-01 TITLE: COMMUNICATIONS
ORGANIZATION: MARSHALL SPACE FI,IGHT CENTER
MONITOR: LOWREY, D. O. TEL. 205-453-1518
TECHNICAL SUMMARY
TO DEVELOP AN ELECTRONICALLY STEERABLE MICROWAVE PHASED ARRAY AT
S-BAND CAPABLE OF OPERATING ON THE SPACE STATION AND OTHER SPACE
VEHICLES. THE ARRAY WILL PROVIDE A HIGH DATA RATE,
TELECOMMUNICATIONS CAPABILITY WITH SIMULTANEOUS OR SEPARATE TRANSMIT,
RECEIVE AND TRACKING FUNCTIONS. THE NARROW BEAM, HIGH GAIN SIGNAL
WILL AUTOMATICALLY SCAN AND TRACK WITHIN A 120 DEGREE CONE. IT WILL
BE CAPABLE OF JPERATING IN EITHER THE RETRODIRECTIVE SELF-FOCUSING OR
PROGRAMMED MODE. THE ACTIVE ELECTRONICS MODULES OF THE ARRAY WILL
UTILIZE 100 PERCENT MICROWAVE AND DIGITAL INTEGRATED CIRCUITRY, AND
MICROCIRCUITRY TECHNIQUES TO ACHIEVE HIGH EFFICIENCY, WIDE BANDWIDTH,
LONG OPERATING LIFETIME, SMALL SIZE, AND LIGHT WEIGHT SYSTEM. THE
ARRAY WILL CONTAIN ALL THE ELECTRONIC CIRCUITRY AND ANTENNA ELEMENTS
IN AN INTEGRAL PACKAGE TO PERFORM THE TRANSMIT, RECEIVE AND
BEAMPOINTING C1NTROL FUNCTIONS. HIGH REDUNDANCY AND GRACEFUL
PERFORMANCE DEGRADATION WILL EE ACHIEVED THROUGH THE USE OF THE
INDIVIDUAL ELECTRONIC MODULES, EACH OF WHICH CONTAINS COMPLETE
TRANSMIT, RECEIVE AND LOGIC ELECTRONICS THAT ARE FREQUENCY COHERENT
WITH A MASTER FREQUENCY CONTROL MODULE. LOW POWER LEVELS GENERATED
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BY EACH MODULE ARE RADIATED BY THEIR INDIVIDUAL ASSOCIATED ANTENNA
ELEMENT TO FOR~ THE COMPOSITE RADIATED SIGNAL. TECHNIQUES WILL BE
DEVELOPED FOR PRODUCTION OF MICROELECTRONIC CIRCUITRY TO ACHIEVE LOW
COST MODULES. EMPIRICAL DESIGN EQUATIONS DEVELOPED FOR THE ACTIVE
ELECTRONICALLY STEERED PHASED ARRAY WILL BE MADE AVAILABLE TO AID IN
THE DESIGN AND DEVELOPMENT OF ACTIVE ELECTRONICALLY STEERED PHASED
ARRAYS AT HIGHER FREQUENCIES.
RTOP NO. 908-51-08 TITLE: STABILIZATION AND CONTROL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR~ SELTZER p SD M. TEL. 205-453-4713
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP BETTER DESIGN
TECHNOLOGY SO rHAT THE COMPUTER CONFIGURATION FOR THE ON-BOARD
DIGITAL CONTROL SYSTEM CAN BE DETERMINED. THIS OBJECTIVE CONSISTS
OF: (1) CONTINUING THE DEVELOPMENT OF COMPUTATIONAL PROGRAMS AND
TECHNIQUES TO ANALYZE VARIABLE Q MULTIRATE AND NONSYNCHRONOUS SAMPLED
DATA CONTROL SY ST EMS PERFORMED UNDER CONTRACT NAS 8-2137 7; (2)
APPLYING PROMISING NEW TECHNIQUES THAT HAVE BEEN OR ARE NOW BEING
DEVELOPED WITHIN THE BODY OF MODERN CONTROL THEORY. AN ADDITIONAL
OBJECTIVE IS T~ CONTINUE DEVELOPMENT EFFORT ON RELIABLE g LONG-LIFE
CMG'S BY ADVAN:ING THE STATE-OF-THE-ART PAYING PARTICULAR ATTENTION
TO "SIGNATURE aNALYSIS". THIS WOULD BE ACCOMPLISHED BY DEVELOPING A
BEARING CONDITION DIAGNOSTIC SYSTEM FOR INCORPORATION INTO THE
ADVANCED CONTROL MOMENT GYROQ
RTOP NO. 908~51-21 TITLE: MANUFACTURING AND INSPECTION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER .-~~:::::.;;--~
MONITOR: HOLLAND, J. G. TEL" 205-453-5085
TECHNICAL SUMMARY
ONE OBJECTIVE FOR THIS EFFORT WILL BE TO PROVIDE TECHNOLOGY BY
THE DEVELOPMENr OF ME~HODS, TECHNIQUES Q PROCEDURES e TOOLS AND
EQUIPMENT AND ro MAKE THIS TECHNOLOGY AVAILABLE FOB THE FABRICATION,
PROCESS INSPECrION, ASSEMBLY, MAINTENANCE, AND SIMULATION TESTING OF
SYSTEMS AND COMP)NENTS APPLICABLE TO THE SKYLAB, SPACE STATION, SPACE
BASE, AND/OR orHER ADVANCED MANNED MISSIONS. IN-HOUSE WORK WILL
CONTINUE TO BE PERFORMED TO ASSURE THE AVAILABILITY OF TECHNOLOGY
NECESSARY FOR rHE MANUFACTURE AND SIMULATION TESTING OF CRITICAL
STRUCTURAL SYSrEMS, SUBSYSTEMS, AND COMPONENTS~ AUTOMATION OF WELDING
EQUIPMENT; MAINTENANCE; ELECTRONIC CIRCUITRY; ELECTRICAL NETWORK
SYSTEMS; ETC. aLSO, THE OBJECTIVES OF THIS EFFORT ARE TO EVOLVE,
THROUGH RESEARCH, DEVELOPMENT, AND TECHNOLOGY APPLICATIONS STUDIES,
NEW INSPECTION TECHNIQUES REQUIRED FOR EFFECTIVE INSPECTION OF SPACE
STATION HARDWARE p STRUCTURES, AND SYSTEMS. IN-PROCESS INSPECTION AND
END ITEM INSPE:TION TECHNIQUES EMPLOYING NONDESTRUCTIVE TESTING
CONCEPTS, PROCESS CONTROL CONCEPTS p AND VISUAL INSPECTION CONCEPTS
ARE TO BE STUDIED AND DEVELOPED TO PROVIDE THE TECHNIQUES REQUIRED BY
THE PROGRAM. THROUGH STUDIES OF THE STRUCTURES, MATERIALS, SYSTEMS,
AND HARDWARE PROPOSED FOR THE PROGRAM, THE INSPECTION REQUIREMENTS
AND TECHNIQUES NECESSARY TO ASSURE QUALITY~ PER PRESCRIBED DESIGN,
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WILL BE IDENTIFIED. THESE REQUIREMENTS WILL BE COMPARED TO EXISTING
TECHNIQUES AND, WHERE EXISTING TECHNIQUES ARE FOUND INSUFFICIENT e NEW
TECHNIQUES WILL BE DEVELOPED OR FURTHER DEVELOPMENT PERFORMED TO
ADVANCE EXISTING TECHNIQUES.
RTOP NO. 908-51-33 TITLE: INFORMATION MANAGEMENT SYSTEMS DATA
MANAGEMENT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTE~
MONITOR: GARRETT~ H. TEL. 205-453-4070
TECHNICAL SUM MA RY ...
THE OBJECTIVES OF THIS EFFORT ARE TO PERFORM RESEARCH AND
DEVELOPMENT OF ADVANCED SPACE COMPUTER HARDWARE, SOFTWARE, AND
COMPUTER PERIPHERAL DEVICE TECHNOLOGY. ALSO RESEARCH AND DEVELOPMENT
OF COMPUTER/SCIENTIST LANGUAGES AND INTERACTIONS WILL BE PERFORMED.
THIS EFFORT _WILL LEAD TO THE DEVELOPMENT OF AN ADVANCED SPACE
MULTIPROCESSO.R, A GENERALIZED SOFTWARE EXECUTIVE, ADVANCED
PERIPHERAL DEVICES AND PROGRAMING TECHNIQUES YIELDING HIGH
RELIABILITY PRJGRAMS. INCLUDED UNDER THIS EFFORT ARE: RESEARCH AND
DEVELOPMENT OF ADVANCED SPACE COM PUTERS, MULTIPROCESSORS, AND
MULTICOMPUTER SYSTEMS, AND THE ASSOCIATED SOFTWARE; RESEARCH AND
DEVELOPMENT OF ADVANCED COMPUTER PERIPHERAL DEVICES SUCH AS DISPLAYS,
HISTORY PLOTTERS, KEYBOARDS, HARDCOPY DEVICES WILL BE PERFORMED;
RESEARCH AND DEVELOPMENT OF HIGH LEVEL COMPUTER/SCIENTIST LANGUAGES
TO FACILITATE MAN-MACHINE INTERACTION. THE RESEARCH AREAS SUPPORT
FUTURE INFORMATION MANAGEMENT SYSTEMS AND DATA MANAGEMENT SYSTEMS
SUCH AS THOSE ANTICIPATED FOR THE SPAC~ STATION.
RTOP NO. 908-52-08 TITLE: CONTROL SYSTEM TECHNOLOGY FOR SHUTTLE
VEHICLES
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER~
MONITOR: LOVINGOOD, J. A. TEL. 205-453-0436
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DETERMINE THE BEST
(OPTIMUM) CONTROLLER WHICH WILL ADEQUATELY STABILIZE AND CONTROL THE
ATTITUDE MOTION OF A SPACE SHUTTLE VEHICLE FOR THE VARIED FLIGHT
ENVI RONMENTS: (1) LA UNCH/A TMOSPHERIC FLIGHT, (2) REENT RY FLIGHT 6 AND
(3) LANDING.' r HE APPROACHES WILL EMPHASIZE AUTOMATIC CONTROL SYSTEMS
WITH MAN SERVING AS BACKUP FOR EMERGENCIES. CONSIDERATION WILL BE
GIVEN TO IMPLEMENTING THE CONTROL BY CONVENTIONAL, ADAPTIVE, AND/OR
OPTIMAL CONTROL TECHNIQUES WITH RELIABILITY AND SIMPLICITY AS THE
DESIGN CRITERIA. THE CONTROL SYSTEM INTERFACES WITH THE GUIDANCE AND
NAVIGATION FUNCTIONS WILL BE REVIEWED TO ESTABLISH REQUIREMENTS AND
COMMONGUIDELINES. THE OBJECTIVE OF THE ANALYSES WILL REQUIRE THE
DEVELOPMENT OF FLEXIBLE ANALYSIS, TECHNIQUES CAPABLE OF MEETING THE
WIDE RANGE OF SHUTTLE VEHICLE MISSIONS THAT ARE UNDER CONSIDERATION.
THE RECENT ADVANCES IN APPLYING MODERN CONTROL THEORY TO COMPLEX HIGH
ORDER SYSTEMS HAVE CREATED THE OPPORTUNITY TO DEVELOP TECHNIQUES THAT
WOULD GREATLY REDUCE THE TIME (BOTH ENGINEERING AND COMPUTER) AND
EFFORT NECESSARY TO DESIGN EFFECTIVE CONTROLLERS FOR GIVEN SPACE
APPLICATION. IN SOME INSTANCES, WORK HAS BEEN DONE IN FY-71. THESE
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CASES ARE SHOWN ON THE PERTINENT MILESTONE SCHEDULES rUNDER "NOTES").
RTOP NO. 908-52-18 TITLE~ SHUTTLE SYSTEM STUDIES AND HARDWARE
INVEST IGATIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER~
MONITOR: WOJTALIK, F. S. TELo 205-453-1422
TECHNICAL SUMMARY
THIS WORK WILL PROVIDE TECHNOLOGY FOR DEVELOPING SPACE SHUTTLE
VEHICLE (SSV) SYSTEMS REQUIREMENTS AND DESIGNS IN THE AREAS OF EMI
SPECIFICATIONS TO ESTABLISH OPERATION AND ACCEPTANCE STANDARDS;
DEVELOPMENT OF SOLID-STATE, AUTOMATIC u ELECTROMAGNETIC TEST EQUIPMENT
FOR EMC _APPLI:ATIONS; DEVELOPMENT OF APPROACHES AND TECHNIQUES FOR
GROUND VERIFICATION OF THE SSV DATA SYSTEM; IMPLEMENTATION OF ONBOARD
CHECKOUT AND REDUNDANCY MANAGEMENT POR THE REDUNDANT IMU SYSTEM;
OPTIMUM BRAKING AND ANTI-SKID lANDING~ AND DEVELOPMENT OF TECHNOLOGY
FOR THE CHECKOUT MONITOR AND CNBOARD/GROUND ELECTRICAL SYSTEMS
CONTROL. EMI SPECIFICATIONS REVIEW WILL INCLUDE SSV EQUIPMENT
STUDIES~ EQUIPMENT TEST DEFINITIONS~ AND UPDATING OF PRESENT EMI TEST
TECHNIQUES. E~C TEST EQUIPMENT RELIABILITY WILL BE IMPROVED AND
PHYSICAL SIZE WILL BE REDUCED, UTILIZING LATEST STATE~OF-THE-ART
TECHNIQUES. VERIFICATION OF THE SSV DATA SYSTEM WILL USE EXISTING
EQUIPMENT w CORRELATING PROPOSED TEST SPECIFICATIONS TO PROPOSED TEST
TECHNIQUES AND MODIFYING EQUIPMENT FOR GREATEST FLEXIBILITY. THE IMU
CHECKOUT SYSTEM WILL IMPLEMENT PREVIOUSLY DEVELOPED PLANS FOR
HARDWARE AND SJFTWARE. PROPOSED BRAKING AND ANTI-SKID LANDING SYSTEM
WILL BE ANALYZED AND SIMULATED BY COMPUTER.
RTOP NO. 908-52-37 TITLE: SPACE SHUTTLE CRYOGENIC TECHNOLOGY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER ,_ ~~
MONITOR: WORLUND, A. L. TEL. 205-453-3853
TECHNICAL SUMMARY
THIS PLAN WILL PROVIDE TECHNOLOGY TO PROVIDE CONSISTENT DESIGN
C~ITERIA AND CJNCEPTS FOR EFFICIENT UTILIZATION AND ~ONTROL OF
CRYOGENS ABOARD THE SPACE SHUTTLE VEHICLE. EFFORTS PERFORMED UNDER
THIS RTOP WILL ESTABLISH THE DESIGN AND SUBSYSTEM INTEGRATION
CRITERIA AND HARDWARE FEASIBILITY NECESSARY TO MINIMIZE PERFORMANCE
DEVIATION WITH EXTENDED OPERATIONAL LIFE AND REUSE. THE EFFORTS
PERFORMED UNDER THIS RTOP WILL SUSTAIN INVESTIGATIONS OF NEW CONCEPTS
AND TECHNIQUES THROUGH ANALYSIS, PRELIMINARY DESIGN, AND TESTING.
NINE TASKS ARE IDENTIFIED WHICH HAVE THE POTENTIAL TO PROVIDE
PROPELLANTS INDEPENDENT OF THE VEHICLE ACCELERATION FIELD, MINIMIZE
PROPELLANT BOILOFF LOSSES, INCREASE COMPONENT PERFORMANCE AND LIFE,
AND ASSURE MINIMUM CONSTRAINTS WHILE LOADING CRYOGENIC FEEDLINES.
SPECIFICALLY, rHESE TASK PROVIDE FOR INVESTIGATING ZERO G FLUID
RETENTION DEVICES w REUSABILITY OF MULTILAYER INSULATION, LH2 INTERNAL
TANK INSULATION r COMPONENT LIFE TEST METHODOLOGY o VACUUM JACKETED
DUCTING v SPACE LOX VENT SYSTEM, LONG LIFE VALVB DESIGNS,
"ZERO-LEAKAGE" SEALS, AND FEEDLINE GEYSER SUPPRESSION. CONTRACTED
EFFORTS ARE PLANNED TO BE COMPLEMENTED BY IN-HOUSE EFFORTS. PY-72
FUNDING PLAN IS 1250K.
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RTOP NO. 908-52-39 TITLE: SPACE SHUTTLE AEROTHERMODYNAMICS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: DAHM, W. K. TEL. 205-453-1092
TECHNICAL SUMMARY
THE AEROTHERMODYNAMIC TECHNOLOGY STUDIES WILL DEFINE ADVANCED
METHODS AND TECHNIQUES REQUIRED FOR THE STEADY STATE AERODYNAMIC
DESIGN AND THE THERMODYNAMIC DESIGN OF SPACE SHUTTLE SYSTEMS. THE
EXTENSIVE FLIGHT REGIMES AND EXTREME ATTITUDE RANGES OF THE SHUTTLE,
INVOLVE NEW APPROACHES TO MANY AERODYNAMIC DISCIPLINES. THIS RTOP
INVOLVES DEVELOPMENT OF CRITERIA AND METHODS WHERE INADE.QUATE
KNOWLEDGE OR ANALYSIS TOOLS EXIST FOR DEFINING APPROPRIATE
AEROTHERMODYNAMIC ENVIRONMENTS OR DESIGN VALUES. KEY TASKS IN
AEROTHERMODYNAMICS HAVE BEEN SELECTED THAT REPRESENT CRITICAL AREAS
OF SHUTTLE DESIGN. APPROPRIATE EXPERIMENTAL AND ANALYTICAL STUDIES
WILL BE FUNDED FOR BOTH PARAMETRIC AND SPECIFIC INVESTIGATIONS
DEPENDING UPON THE STATE-OF-TH~-ART OF THE PARTICULAR AREA. THE TASK
AREAS ARE: 1. EXPERIMENTAL AERODYNAMIC STUDIES 2. ASCENT BASE
HEATING 3. POWER-ON BASE PRESSURE 4. AERODYNAMIC HEATING ,5.
STAGING AERODYNAMICS AND PLUME IMPINGEMENT 6. RCS PLUME AERODYNAMICS
7. UNCERTAINTIES IN THERMODYNAMIC ENVIRONMENT
RTOP NO. 908-52-47 TITLE: UPPER ATMOSPHERE POLLUTION DUE TO SHUTTLE
OPERATIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER:
MONITOR: DEVRIES, L. L. TEL. 205-453-3108
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS TASK ARE TO EXAMINE THE POTENTIAL OF
SHUTTLE OPERATIONS ·TO CONTRIBUTE TO UPPER ATMOSPHERIC POLLUTION,
BOUND THE PROBLEMS IF ANY OF SIGNIFICANCE ARE FOUND, AND OUTLINE AN
INVESTIGATIVE APPROACH IF NECESSARY. THROUGH EXPLORATORY STUDY AND
ANALYSIS, POTENTIAL SOURCES OF UPPER ATMOSPHERIC POLLUTION DUE TO
SHUTTLE OPERATIONS WILL BE IDENTIF!ED AND POSSIBLE APPROACHES FOR
ALLEVIATION OF SUCH POLLUTION WILL BE INVESTIGATED. THERE ARE A
NUMBER OF POTENTIAL ENVIRONMENTAL EFFECTS WHICH COULD BE CAUSED BY
SHUTTLE OPERATIONS, INCLUDING CLOUD FORMATION (ICE CRYSTALS) IN THE
STRATOSPHERE, EXCESSIVE STRATOSPHERIC INCREASES IN CARBON DIOXIDE AND
WATER VAPOR, CHANGES IN OZONE CONCENTRATION, EXCESSIVE DISPERSION OF
PARTICULATE MATTER IN THE STRATOSPHERE, INTRODUCTION OF GASEOUS
POLLUTANTS (CARBON MONOXIDE, NITROGEN OXIDES, SULPHER OXIDES,
HYDROCARBONS) INTO THE ATMOSPHERE, AND INTRODUCTION OF POLLUTAN~S
INTO THE AIR IN THE AREA SURROUNDING LAUNCH SITES. THE FIRST PHASE
OF THIS PROGRAM WILL BE TO IDENTIFY THE TOTAL QUANTITY AND PHYSICAL
AND CHEMICAL PROPERTIES OF THE COMBUSTION PRODUCTS AS A FUNCTION OF
ALTITUDE. ESTIMATES WILL BE MADE OF THE LIFE HISTORY OF EACH PRIMARY
COMBUSTION BY-PRODUCT AND ANY SECONDARY PRODUCTS FROM THE TIME OF
ATMOSPHERIC INJECTION UNTIL THEY ARE DEPOSITED ON THE EARTH'S
SURFACE. THE ENVIRONMENTAL EFFECTS 'OF THIS POLLUTION WILL BE
DETERMINED TO IDENTIFY POTENTIAL ENVIRONMENTAL HAZARDS AND TO
DETERMINE POSSIBLE APPROACHES FOR ALLEVIATION OF SUCH HAZARDS.IF
SIGNIFICANT PR)BLEM AREAS ARE IDENTIFIED, AN INVESTIGATIVE PROGRAM
WILL BE OUTLINED TO PROVIDE DEFINITIVE ANSWERS TO POSSIBLE
ENVIRONMENTAL QUESTIONS.
300
RTOP NO. 908~52-47 TITLE: SHUTTLE - ENVIRONMENT FOR DESIGN q TEST
AND MISSION ANALYSIS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: VAUGHAN r W. W. TEL. 205-453-3106
TECHNICAL SUMMARY
THE SHUTTLE WILL OPERATE IN THE EARTH'S ATMOSPHERE FROM NEAR THE
SURFACE OF THE EARTH TO ORBITAL ALTITUDES. INITIAL ESTIMATES OF THE
DESIGN CRITERIA HAVE BEEN FORMULATED, COORDINATED WITH MSC AND KSC,
AND PUBLISHED AS A LEVEL II SHUTTLE SYSTEM REQUIREMENT FOR PHASE B
WORK. CONTRACrORS AND NASA ITERATIONS, TRADE-OFF STUDIES, AND
VARIATIONS ON rHE DESIGN GUIDELINES HAVE CREATED A CONTINUOUS NEED
FOR REDEFINITI)N AND FORMULATION OF ENVIRONMENTAL INFORMATION AND
GUIDELINES IN CONSISTENT ENGINEERING TERMS. ALL ASPECTS OF THE
SHUTTLE PROGR~M DEVELOPMENT DEPEND UPON THIS INTERFACE ACTIVITY IN
THE NATURAL ENVIRONMENT AREA IN ORDER THAT TIMELY AND PROPER RESPONSE
MAY BE MADE TO ALL INQUIRIES. IN MANY CASES THESE INPUTS MUST BE
ANTICIPATED BASED ON AVAILABLE SHUTTLE DESIGN TEST AND OPERATIONAL
PLANS'TO PROVIDE ADEQUATE LEAD TIME TO ACQUIRE THE PROPER DATA.
SCIENTIFIC-ENGINEERING TALENTS AT MSFC HAVE ESTABLISHED A RESPONSIVE
RELATIONSHIP TO MSFC r MSC, AND KSC PLUS THEIR PRIME SHUTTLE
CONTRACTORS ON THIS SUBJECT. THIS INCLUDES PROVIDING CONSISTENT
MODELS, TEST SUPPORT PLANNING, OPERATIONAL A~ALYSI~ SPECIFIC DESIGN
STUDY INTERPREfATIONS AND DEFINITIONS. THIS IS A CONTINUING ENDEAVOR
WHICH REQUIRES INHOUSE SCIENTIFIC-ENGINEERING INTERFACE TALENTS
SUPPORTED BY PROVISIONS FOR DATA RESOURCE ACQUISITION PLUS SUPPORTING
ANALYSIS USING OTHER GOVERNMENT AGENCIES AND CONTRACTOR TALENTS.
THIS WORK MUST BE CONTINUED TO AVOID COSTLY ERRORS ON ENVIRONMENT
INPUTS TO THE SHUTTLE DEVELOPMENT AS REFLECTED BY ALL OTHER SHUTTLE
RELATED RTOP'S~ PRIME CONTRACTS, AND INHOUSE NASA EFFORTS.
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RTOP NO. 908-53-36 TITLE: TEST OF A LOOPWHEEL SYSTEM
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER)
MONITOR: MILES, C. G. JR. TEL. 205-453-1120
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS EFFORT IS TO IMPROVE AND ESTABLISH THE
PERFORMANCE CHARACTERISTICS OF A LOOPWHEEL (CONTINUOUS TRACK)
MOBILITY SYSTEM OF A TYPE ORIGINALLY DEVELOPED BY THE LOCKHEED
CORPORATION. (1) USING FY'71 FUNDS, A CONTRACT HAS BEEN NEGOTIATED
WITH THE LOCKHEED CORPORATION TO DESIGN AND FABRICATE A LOOPWHEEL
TRACK WHICH WILL INCORPORATE MODIFICATIONS IN TRACK STIFFNESS
CHARACTERISTICS, GROUSER STRUCTURE AND TRACK TENSION CHARACTERISTICS
WHICH PRIOR TESTING INDICATES WILL IMPROVE PERFORMANCE OF THE
LOOPWHEEL. (2) US IN G FY '72 FUND S, A CONTRACT WILL BE NEGOTI ATED
WITH THE UoS. ARMY WATERWAYS EXPERIMENT STATION TO CONDUCT
PERFORMANCE TESTING ON THE LOOPWHEEL AND TO DOCUMENT THE RESULTS. (3)
IF THE TEST RESULTS OBTAINED JUSTIFY FURTHER PURSUIT OF THE SYSTEM,
A CONTRACT WILL BE NEGOTIATED WITH THE LOCKHEED CORPORATION TO
DESIGN, DEVELOP AND FABRICATE A FULL-SCALE MULTITRACK SYSTEM WHICH
WILL BE USED BY THE GOVERNMENT TO EVALUATE STEERING AND DRIVING
CHARACTERISTICS. THIS ACTIVITY,WILL BE INITIATED IN FY'72 A~D IS
PLANNED FOR COMPLETION OF THE TEST PROGRAM IN FY'74.
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RTOP NO. 908-54-05 TITLE: ELECTRICAL POWER
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER,
MONITOR: ROBINSON, W. J. TEL. 205-453-0029
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO DEVELOP A SYSTEM WHICH
SHALL BE SUFFICIENT TO DEMONSTRATETHEEFFICIENT (E IS GREATER THAN OR
EQUAL TO 50%) WIRELESS TRANSMISSION OF POWER AND TO RIGOROUSLY
IDENTIFY THE AREAS REQUIRING FURTHER DEVELOPMENT IF SUCH A SYSTEM IS
TO BE DEPLOYED FOR PROJECT USE IN SPACE.' THIS IS A CONTINUATION OF
AN EFFORT INITIATED IN FY'71. AS A PART OF THE '71 RECEIVING
ANTENNA) WAS ASSEMBLED AND TESTED. END-TO-FND EFFICIENCY OF ABOUT 20%
WAS MEASURED. ADDITIONALLY, AN ANALYSIS OF THE TOTAL SYSTEM WAS
PERFORMED AND ESTIMATES WERE MADE OF EXPECTED RETURN PER INVESTED
DOLLAR IN TERMS OF IMPROVEMENT IN EFFICIENCY FOR EACH MAJOR
SUBSYSTEM. ON THIS BASIS, THE FOLLOWING EFFORTS ARE PLANNED FOR
FY-72: A. COMPLETE ANALYSIS OF THE TRANSMITTER (R.F.
CONVERTER-AMPLIFER) SECTION AND ESTABLISH SELECTION CRITERIA FOR THE
R.F. AMPLIFIER TUBE. B. CONDUCT "SCREENING" OF AVAILABLE TUBES AND
SELECT ONE OR MORE UNITS FOR USE. C. DESIGN AND FABRICATE A
TRANSMITTING "HORN" MATCHED TO THE FREQUENCY-SEPARATION REQUIREMENTS
OF THE SYSTEM.
RTOP NO. 908-54-05 TITLE: FLAT CONDUCTOR CABLE (FCC) SYSTEMS FOR
FUTURE MISSIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: ANGELE v W. TEL. 205-453-1500
TECHNICAL SUMMARY
THE MAJOR OBJECTIVE OF THIS EFFORT IS TO PROVIDE TECHNOLOGY
(METHODS, TECHNIQUES, PROCEDURES o TOOLS AND EQUIPMENT) AND ESTABLISH
MULTIPLE SOURCES OF SUPPLY FOR FLAT CONDUCTOR CABLE SYSTEM COMPONENTS
WHICH WOULD MEET ALL REQUIREMENTS FOR ANY FUTURE MANNED OR UNMANNED
MISSION. TO PROVIDE THIS NECESSARY TECHNOLOGY AND CAPABILITY, WORK
WILL BE REQUIRED TO CONDUCT RESEARCH AND DEVELOPMENT AND MAKE
APPLICATION TO EXPERIMENTAL PROTOTYPES; EVALUATE NEW MANUFACTURING
METHODS~ TECHNIQUES, EQUIPMENT AND FACILITIES; CONDUCT FEASIBILITY
STUDIES OF PROPOSED DESIGNS; AND BUILD EXPERIMENTAL MODELS OR
PROTOTYPES FOR TESTING AND EVALUATION. APPLICATION STUDIES RELATIVE
TO PLANNED ORBITAL, LUNAR AND DEEP SPACE PROBES HAVE CLEARLY SHOWN
THE REQUIREMENr FOR REDUCED PACKAGING WEIGHT IN ORDER TO ACCOMPLISH
MORE EXTENSIVE EXPERIMENT PARAMETERS IN A GIVEN PAYLOAD WEIGHT LIMIT.
DURING FY-72, THE IN-HOUSE EFFORT WILL BE FUNDED AND PERSONNEL
UTILIZED IN THE CONTINUATION OF ESTABLISHED PROJECTS WHICH WILL BE
UTILIZED FOR THE MAJOR AREAS OF INVESTIGATION AND DEVELOPMENT. SINCE
A MAJOR EFFORT IS REQUIRED FOR A SUITABLE CONNECTOR, SUPPORTING
CONTRACTS WILL BE UTILIZED TO PROCURE THE FINAL DESIGN, FABRICATION
AND TESTING OF CORONA-PROOF FCC CONNECTOR HAVING INDIVIDUALLY SEALED
PINS. UPON RE:EIPT OF REQUESTED FUNDS FOR FY-73, WORK WILL CONTINUE
ON THE DEVELOPMENT OF FCC CONNECTORS, DISTRIBUTION BOXES, SHIELDED
FCC SYSTEMS, AND OTHER DEVELOPMENT WHICH ARE RELATED TO AND SUPPORT
THE FCC SYSTEMS FOR FUTURE MISSIONS.
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RTOP NO~ 908-62-09 TITLE: SPACE SHUTTLE ABORT AND SAFETY
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD, S. T.TELo 305-867-5660
TECHNICAL SUMMARY
THIS RTOP IS FOR WORK RELATED TO SPACE SHUTTLE OPERATIONS
SAFETY. BOTH rHE GENERAL PUBLIC AND ITS PROPERTY AND GOVERNMENT
PERSONNEL AND PROPERTY ARE INVOLVED. ENGINEERING INVESTIGATIONS WILL
BE MADE TO IDE~TIFY AND TECHNICALLY DEFINE THE HAZARDS ATTENDANT TO
OPERATIONS OF PROPOSED SPACE SH~TTLE CONFIGURATIONS. THESE HAZARDS
WILL BE EVALUArED AGAINST VARIOUS EXISTING RISK CRITERIA, DEVELOPMENT
COSTS, OPERATING COSTS, AND SCHEDULES TO IDENTIFY THE OPTIMUM
A~PROACH (DESIGN CHANGE, OPERATION CHANGE, OR COMBINATION) TO BRING
THE RISK WITHIN ACCEPTABLE LIMITS. WHERE EXISTING CRITERIA ARE
INADEQUATE, THIS RTOP PROVIDES FOR ANALYSES AND TESTS TO PRODUCE DATA
NECESSARY TO ESTABLISH THE NEW CRITERIA NEEDED. AMONG THE SPECIFIC
AREAS OF SAFETY CONCERN FOR INVESTIGATION DURING FISCAL YEAR 1912
UNDER THIS RTOP ARE: (1) EMERGENCY EGRESS OF PERSONNEL FROM THE
SPACE SHUTTLE AND ADJACENT WOEK AREAS DURING ALL GROUND OPERATIONS,
(2) SAF ET Y CR rr ER IA F OR DESIGN AN D OPERATIONS OF FACILITI ES AND
EQUIPMENT FOR ALL GROUND MOVEMENTS AND HANDLING OF THE SPACE
SHUTTLE, AND (3) OVERFLY SAfETY REQUIREMENTS FOR PROPOSED LAUNCH AND
LANDING SITES.
aTOP NOs 908~62-13 TITLE: SPACE SHUTTLE INSTRUMENTATION SENSORS
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD, Ss T.TEL. 305~867-5660
TECHNICAL SUMMARY
THIS RTOP IS FOR WORK ON SPACE SHUTTLE SENSORS TO DETECT
HAZARDOUS CONDITIONS RESULTING FROM SPILL OR LEAKAGE OF SPACE SHUTTLE
PROPELLANTS. HYDROGEN AND OXYGEN PRODUCE FIRE AND EXPLOSION HAZARDS
IN A WIDE RANGE OF MIXTURE CONCENTRATIONS. SPACE SHUTTLE HYDROGEN
AND OXYGEN SYSTEMS, BOTH GROUND AND FLIGHT, WILL BE LARGE AND COMPLEX
AND WILL CONTAIN MANY PARTLY ISOLATED COMPARTMENTS AND OPERATIONALLY
INACCESSIBLE COMPONENTS. THESE SYSTEMS WILL EXIST AND OPERATE IN
AMBIENT CONDITIONS THAT RANGE ALL THE WAY FROM THE ~LEAN QUIETNESS OF
SPACE VACUUM TJ THE DIRTY, NOISY, WINDY q SALT MOISTURE LADEN EARTH'S
SURFACE ATMOSPHERE OF THE KENNEDY SPACE CENTER. SYSTEM FUNCTIONS
WILL RANGE ALL THE WAY FROM THE STATIC STEA~Y STATE OF BULK STORAGE
TO THE HIGHLY DYNAMIC OPERATING STATE OF LARGE PUMPS, VALUES, AND
LINES GOING FROM NO-FLOW AMBIENT TEMPERATURES TO FLOWS UP TO 20
THOUSAND GALLONS PER MINUTE AT CRYOGENIC TEMPERATURES WITH START UP
CHILLDOWN LOSSES BY CHANGE OF STATE FROM LIQUID TO GAS AT THOUSANDS
OF POUNDS PER MINUTE. THE SYSTEMS WILL BE MONITORED AND CONTROLLED
BY REMOTELY LOCATED OPERATORS BOTH MANUAL AND AUTOMATIC. THE SAFE
OPERATIONAL CONTROL OF THESE SYSTEMS WILL REQUIRE GOOD HYDROGEN FIRE
SENSORS AND HYDROGEN AND OXYGEN GA~ SE~SORS. THE SENSORS MUST BE
INDIVIDUALLY INEXPENSIVE TO ACQUIRE f OPERATE, AND MAINTAIN BECAUSE
MANY WILL BE REQUIRED. THEY MUST BE RUGGED TO WITHSTAND THE
OPERATING ENVIRONMENT. THEY MUST BE SENSITIVE, DEPENDABLE, AND
ACCURATE TO PRJVIDE THE INFORMATION NEEDED.
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RTOP NO. 908-62-17 TITLE: SHUTTLE FLIGHT PREPARATION
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD f S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
THIS RTOP ENCOMPASSES THOSE TECHNOLOGIES WHICH MUST BE ADVANCED
TO ENABLE ATTAINMENT OF COST EFFECTIVE RAPID PREPARATION v TURNAROUND
AND VERIFICATION OPERATIONS AT THE LAUNCH SITE AND FERRY LANDING
SITES. IN ADDITION TO EFFICIFNT HANDLING AND O~ERATIONS TO CARRY OUT
MORE ROUTINE TURNAROUND OPERATIONS r EFFICIENT FLIGHT READINESS
VERIFICATION TECHNIQUES ARE ESSENTIAL FOR SUCCESSFUL LAUNCH AND
MISSION OPERATIONS. MANY FACTORS CONTRIBUTE TO THE DIFFICULTY OF
DETERMINING r ~ITH ASSURANCE v THAT SUB-SYSTEMS AND COMPONENTS WHICH
MAKE UP THE SPACE SHUTTLE SYSTEM p ARE IN FACT IN A CONDITION
ACCEPTABLE FOR USE/REUSE. SEVERAL AREAS OF TECHNOLOGY IN WHICH
INVESTIGA TION IN FY 72 IS PiA NRED ARE: (1) MECHANICAL SYSTEM S
READINESS ASSESSMENT v (2) STRUCTURAL INTEGRITY ASSESSMENT q (3)
REDUNDANCY CHE:KOUT TECHNIQUES q (4) FAILURE PREDICTION AND ANALYTICAL
METHODS, AND (5) TEST AND FLIGHT ENGINEER ORIENTED COMPUTER LANGUAGE.
RTOP NO. 908-62~32 TITLE: GROUND OPEBATIONS TECHNIQUES
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR>: BEDDINGFIELD v S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
ENGINEERIN3 AND OPERATIONS INVESTIGATIONS ARE TO BE MADE TO
FURTHER DEVELOP GROUND OPERATIONS TECHNIQUES FOR SPECIFIC APPLICATION
TO SPACE SHUTTLE TURNAROUND. THESE TECHNIQUES WILL BE EVALUATED
AGAINST DESIRED CRITERIA AND TECHNIQUES ESTIMATED TO BE REQUIRED TO
ACHIEVE THE RAPID TURNAROUND OF THE SHUTTLE~ AND THE PRESENT
TECHNIQUES WHICH HAVE BEEN DEVELOPED FOR NASA AND DOD SPACE VEHICLES.
WHERE EXISTING ENGINEERING INFORMATION AND OPERATIONAL METHODS AND
CRITERIA ARE INSUFFICIENT, THIS RTOP PROVIDES FOR INVESTIGATIONS p
ANALYSES, AND rESTS TO ESTABLISH THE NEEDED METHODS AND CRITERIA.
SPECIFIC AREAS OF GROUND OPERATIONS TECHNIQUES TO BE INVESTIGATED
UNDER THIS RTOP INCLUDE: (1) LEAK DETECTION OF FLUIDS AND GASES p
(2) HANDL ING OF PROPELLANTS AND GAS ES 1/ (3) PAYLOAD HA NDLING q (4)
AIRLINE OPERATIONS, MAINTENANCE AND SAFETY APPLICATIONS p AND (5)
SCHEDULING AND CONTROL SYSTEMS.
RTOP NO. 908-6~-18 TITLE: ELECTRONIC TEST EQUIPMENT INFORMATION
CENTER SUPPORT
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER
MONITOR: PARSONS p W. E. TEL. 308-867-5632
TECHNICAL SUMMARY
THIS RTOP IS FOR FUNDING AUTHORIZATIOB FOR NASA'S SUPPORT OF
PROJECT SETE. THE PRIMARY OBJECTIVE OF SETE IS TO OPERATE A NATIONAL
INFORMATION CE~TER FOR THE ACCUMU~ATION, EVALUATION, COORDINATION,
AND DISSEMINATION OF TECHNICAL INFORMATION ON THE PERFORMANCE,
DEVELOPMENT p APPLICATION, AND FUTURE NEEDS FOR ELECTRONIC TEST
EQUIPMENT. THIS OBJECTIVE IS MET BY THE INFORMATION CENTER LOCATED
AT THE BRONX FACILITY OF NEW YORK UNIVERSITY, AND IS FINANCIALLY
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SUPPORTED BY VARIOUS ELEMENTS OF THE Do S. GOVERNMENT INCLUDING u
UNTIL FY-70~ NASA.
RTOP NO. 908~71~08 TITLE: CONTROL COMPONENTS FOR SPACE STATION/BASE
SUESYSTEMS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER
MONITOR: EVANS u H. E. TEL. 301-982-5194
TECHNICAL SUMMARY
THIS TASK COVERS DESIGN, TEST AND EVALUATION OF PROTOTYPE DRIVE
MOTORS AND SPEED REDUCER,SYSTEMS FOR SPACE STATION SUPPORT. WORK
IWCLUDES ESTABLISHING RELIABILITY THRD LIFE TESTING PROGRAMS. WHERE
APPROPRIATE v NEW DESIGNS WILL BE UNDERTAKEN TO MEET SPACE STATION
CONTROL SYSTEM REQUIREMENTS. GOALS FOR THIS PROGRAM ARE COMPONENT
AND SYSTEMS DESIGN THAT MEET 10 YEARS OPERATIO~ IN THE SPiCE
ENVIRONMENT. INITIAL EFFORTS COVER DESIGN? DEVELOPMENT g AND
EVALUATION OF COMPONENTS FOR CMG SPIN MOTOR AND GIMBAL TORQUERS
UTILIZING BRUSHLESS DC MOTOR DRIVES AND UNIQUE SPEED REDUCING
ASSEMBLIES. TEST PROGRAMS WILL INCLUDE SIMULATED CKG LOADS; DOTY
CYCLES. AND LOAD DISTURBANCES. ELECTRONIC CIRCUITRY REQUIRED TO
PROVIDE CONTROL OVER THE DUTY CYCLE RANGE WILL BE DESIGNED AND
EVALUATED IN A SIMULATED SPACE ENVIRONMENT. CLOSE COORDINATION WILL
BE MAINTAINED WITH RELATED EFFORTS AT LRC, MSFC AND MSC TO INSURE
PROGRAM COMPATIBILITY.
aTOP NO. 908-72-14 TITLE: EVALUATION OF PYROTECHNIC SYSTEMS FOR
SPACE SHUTTLE AND SPACE STATION
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H. TEL. 703~827-2893
TECHNICAL SUMMARY -,
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP AND EVALUATE TECHNOLOGY
FOR NEW AND IMPROVED EXISTING PYROTECHNIC SYSTEMS FOR USE ON SPACE
SHUTTLE AND SPACE STATION MISSION. THE STUDY WILL INCLUDE THE
APPLICABILITY JF PYROTECHNIC SYSTEMS TO THE PERFORMANCE OF MANY
FUNCTIONS ON SPACE SHUTTLE u AND POSSIBLY A FOLLOW-ON CONCEPT
DEMONSTRATION PROGRAM.
RTOP NOo 908-72-47 TITLE: SHUTTLE SONIC BOOM STUDY
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: BROOKS q G. W. TEL~ 703-827-2042
TECHNICAL SUMMARY
THE WORK UNDER THIS RTOP WILL PROVIDE A TECHNOLOGY BASIS FOR AN
UNDERSTANDING JF SHUTTLE SONIC BOOM SIGNATURES. EXISTING SONIC BOOM
TECHNOLOGY, AS DEVELOPED FOR AIRCRAFT q APPLIES PRIMARILY TO STEADY g
LEVEL FLIGHT OF HIGH FINENESS RATIO VEHICLES AT LOW ANGLES OF ATTACK
AT ALTITUDES OF LESS THAN 100 u OOO FEET AND AT MACH NUMBERS LESS THAN
3.0. THE SHOTfLE3S UNIQUE CHARACTERISTICSOF RELATIVELY LOW FINENESS
RATIO VEHICLES AT LARGE ATTITUDES. STEADILY DECELERATING FRO~ AN
ALTITUDE OF AB)UT 400,000 FEET WITH INITIAL MACH NUMBERS IN EXCESS OF
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25 ESTABLISHES THE NEED FOR A CONCENTRATED TECHNOLOGY DEVELOPMENT
PROGRAM TO PROVIDE THE MEANS OF OBTAINING REALISTIC PREDICTIONS OF
SHUTTLE BOOM SIGNATURES. ONCE THIS CAPABILITY IS AVAILABLE,
OPERATIONAL STUDIES WILL BE CONDUCTED TO DEFINE TECHNIQUES FOR
ALLEVIATING THE OVERPRESSURE LEVELS AND/OR CONTROLLING THE LOCATION
OF THE BOOM FOOTPRINT WITHIN RESTRICTED AREAS.
RTOP NO. 908-7Q-03 TITLE: SPACE SYSTEMS PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER.
MONITOR: SAARI, M. J. TEL. 216-q33-6638
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS STUDY IS TO PROVIDE A POINT DESIGN OF A
LH2/L02 ENGINE OF ABOUT 10,000 POUNDS THRUST THAT COULD EFFICIENTLY
PERFORM, USED IN. DEPENDENTLY CR IN A CLUSTER, IN THE FOLLOWING NASA
PROPOSED MISSIJNS: SPACE TUG; OSSA VERSATILE UPPER STAGE (VUS);
ON-ORBIT MANEUVERING SYSTEM (OMS) OF THE SPACE SHUTTLE. PARAMETRIC
DATA~AND DETAIL POINT DESIGNS ARE NOW BEING GENERATED FOR A HIGH
PERFORMANCE 25,000 POUNDS THRUST ENGINE UNDER THREE PARALLEL
CONTRACTS SPONSORED BY THE AIR FORCE ROCKET PROPULSION LABORATORY
(AFRPL). THE APPROACH IS TO HAVE THE AFRPL TO AMEND THE THREE
CONTRACTS TO OBTAIN ADDITIONAL POINT DESIGNS AT THE APPROXIMATELY
10,000 POUNDS rHRUST LEVEL, USING THE PARAMETRIC DATA AND
STATE-OF-THE-ART CONSISTENT WITH THE PRESENT 25 8 000 POUNDS THRUST
DESIGNS.
RTOP NO. 908-74-35 TITLE: A SOLAR CELL ENERGY WHEEL SYSTEM
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON, C. H.TEL.io3-827-2893
TECHNICAL SUMMARY
THIS WORK WILL ESTABLISH THF FEASIBILITY OF A SOLAR CELL ENERGY
WHEEL SYSTEM (SCEWS) THAT CAN PERFORM THE DUAL FUNCTION OF POWER
GENERATION AND ATTITUDE CONTROL FOR MANNED S~ACECRAFT. INITIAL
EFFORTS WILL DEFINE SCEW SYSTEM AND COMPONENT DESIGN GOALS AND WILL
INVESTIGATE THE IMPACT OF SPACECRAFT INTEGRATION ON SCEW SYSTEM
DESIGN. ANALYSES AND SIMULA~ICNS WILL BE CONDUCTED TO DETERMINE THE
SYSTEM POWER GENERATE COMPONENT PERFORMANCE SPECIFICATIONS COMPATIBLE
WITH MISSION REQUIREMENTS. SYSTEM HARDWARE t~HICH CANNOT BE DEVELOPED
WITHIN STATE-OF-THE-ART TECHNOLOGY WILL BE IDENTIFIED, AND DESIGN AND
BREADBOARD HARDWARE DEVELOPMENT EFFORTS WILL BE CARRIED OUT TO ASSURE
THE SCEiS CONCEPT FEASIBILITY AND PRACTICABILITY. IF THE SCEWS
CONCEPT PROVES VIABLE. I,ABORATOBY PROTOTYPE SCEWS HARDWARE WILL BE
BUILT AND EVALU ATED USING EXISTING I,RC STATIC AND DYNAMIC TEST
SETUPS. ASSOCI~TED DEVELOPMENT PROGRAMS WILL BE DIRECTLY COORDINATED
WITH LERC, CSFC, AND MSC. PRIMARY PROBLEM AREAS INCLUDE THE IMPACT
OF RELIABILITY, SAFETY, MAINTAINABILITY, FAILURE MODES, AND SYSTEM
INTEGRATION ON SCEWS WEIGHTTRADE-OFFS; PERFORMANCE LIMITS OF
COMPOSITE MATERIALS UNDER CYCLIC STRESSES AND EXTENDED-DURATION
VACUUM; DEVELOPMENT OF BEARINGS AND SEALS CAPABLE OF LONG LIFE UNDER
LARGE CYCLIC LJADS; DEVELOPMENT OF HIGH-POWER, EFFICIENT SPIN MOTORS
AND GENERATORS; DEVELOPMENT OF HIGH-TORQUE, LOW-RATE GIMBAL
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ACTUATORS; AND DEVELOPMENT OF GIMBAL SENSORS WITH HIGH RESOLUTION AND
ACCURACY. SOLUTIONS· TO THESE PFOBLEMS WILL BE VERIFIED THROUGH
SIMULATION AND HARDWARE TESTS, WHICH WILL DETERMINE POWER GENERATION
CAPABILITY, CO~TROL EFFECTIVENESS g AND SPINUP-SPINDOWN CYCLING EFFECT
ON SYSTEM PERFORMANCE. SUCCESSFUL COMPLETION OF THIS
RTOP NO. 908-94-24 TITLE: DEVELOPMENT OF SHORT PULSE LASERS
ORGANIZATION: NASA HEADQUARTERS
MONITOR: REDFIELD, M. TEL. 202-962-0883
TECHNICAL SUMMARY
THIS WORK PERTAINS TO AND IS SUPPORTIVE OF CURRENT PROGRAMS
WHICH INVOLVE LASER RANGING THE OPTICAL RETRO~REFLECTORS ON THE MOON.
THE MAJOR FAcrOR IN THE TIMElY DEVELOPMENT OF RELATIVELY LOW COST
GROUND RANGING STATIONS OF HIGH ACCURACY IS THE SUPPORT OF RESEARCH
AND DEVELOPMENT OF IMPROVED LASERS AND TIMING DEVICES. THE MOST
PROMISING APPRJACH FOR LUNAR RANGING SEEMS TO BE A HIGH AVERAGE POWER
(GREATER THAN JR EQUAL TO 20 WATTS) MODE-LOCKED SHORT PULSE (0.1
NANOSECOND) HIGH REPETITION~ BATE (10 TO 30 PPS) FREQUENCY DOUBLED
(5300 A), DIFFRACTION LIMITED NEODYMIUM LASER USING YTTRIUM
ORTHO-ALUMINATE HOST CRYSTALS. THE PERFORMANCE OF THIS LASER WILL BE
THOROUGHLY EVALUATED.
RTOP NO. 970-21-11 TITLE: NEUROPHYSIOLOGY
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
IT IS THE JBJECTIVE OF THIS WORK TO INVESTIGATE AND EVALUATE THE
EFFECTS OF THE SPACE ENVIRONMENT ON VISUAL FUNCTIONS OF THE NERVOUS
SYSTEM OF MAN. IT IS IMPERATIVE THAT THESE FUNCTIOpS NOT BE IMPAIRED
BY EXPOSURE TO ANY OF THE ENVIRONMENTAL VARIABLES ENCOUNTERED DURING
THE COURSE OF MANNED MISSIONS. WHENEVER INEVITABLE TEMPORARY
DISTURBANCES ARE EXPECTED, AS IN THE STRESS OF BLAST-OFF OR RE-ENTRY,
IT WILL BE NECESSARY TO PROVIDE ADEQUATE COMpENSATORY MEASURES TO
SAFEGUARD THE WELL-BEING OF THE ASTRONAUT AND THE SUCCESS OF THE
MISSION. THIS PROJECT WILL PROVIDE FOR THE DEVELOPMENT OF PRACTICAL
PROCEDURES AND EQUIPMENT FOR INFlIGHT EVALUATION OF VISUAL FUNCTIONS.
THE EFFECTS OF' UNUSUAL "G" 0 N DY NA MIC VI SUAL ACC OMMODA TION
(FOCUSING) WILL BE INVESTIGATED BY: (1) UTILIZING THE SRI-AMES
OPTOMETER TO MEASURE THE ACCOMMODATIVE FUNCTION UNDER BED REST AND/OR
CENTRIFUGE CONDITIONS, AND (2) DEVELOPING AND UTILIZING A SPACERATED
MODIFICATION OF THE SRI-AMES CPTOMETER FOR USE IN FLIGHT. THE
EFFECTS OF MOTION SICKNESS ON THE LIMITS OF PERIPHERAL VISION AND ON
VISUALLY-BASED ORIENTATION WIL BE INVESTIGATED USING THE ROTATIONAL
FACILITIES OF USN-AMI AND TEST EQUIPMENT AND DATA-ANALYSIS TECHNIQUES
WILL BE DEVELOPED FOR THE LINE MEASUREMENT AND CONTROL OF THE EXTENT
OF MOTION-SICKNESS INDUCTION. THE CAPABILITY FOR PURSUING A PROGRAM
OF SOPHISTICATED MEASUREMENTS OF VISUAL FUNCTIONING DURING SPACE
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FLIGHT WILL BE DEVELOPED AS HUMAN VISION SPACE FLIGHT EXPERIMENT
(T~006) AND WILL PROVIDE A COMPREHENSIVE SERIES OF TESTS OF VISUAL
FUNCTIONING WIrH THE RELATED EQUIPMENT CONSOLIDATED INTO A SINGLE
VISION TESTER.
RTOP NO. 970-21-12 TITLE: CARDIOVASCULAR PHYSIOLOGY
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: KLEIN v H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
THE RESPONSE OF THE HUMAN CARDIOVASCULAR SYSTEMWILL BE
DETERMINED DURING THE VARIOUS FACTORS AND STRESSES ASSOCIATED WITH
MANNED SPACE FLIGHT. PARTICULAR ATTENTION WILL BE GIVEN TO THE
PHYSIOLOGICAL RESPONSES TO WEIGHTLESSNESS AND DURING MISSION
WORKLOADS. THE MECHANISMS USED FOR SUCH RESPONSES WILL BE DETERMINED
AS WELL AS THE TIME COURSE REQUIRED FOR ADAPTATION OF THE
CARDIOVASCULAR SYSTEM TO SPACE FLIGHT CONDITIONS. WORK WILL BE
CONDUCTED IN ANIMALS AND MAN IN ORDER TO ASSESS SYSTEM ADA~TATION
DURING ACCFLER~TION3WEIGHTLESSNESS AND RETURN'TO THE EARTH'S
ENVIRONMENT FOLLOWING BRIEF OR EXTENDED PERIODS OF SPACE FLIGHT.
HUMAN STUDIES WILL BE CONDUCTED BY NON-INVASIVE METHODS. ANIMAL
STUDIES IHLL BE P ERFORr·1ED IN ~ PPROPRIATELY INS.TRUMENTED ~ UNBE S'I'RAINED
CHRONIC ANIMAL PREPARATIONS~ SUCH ANIMALS WILL BE USED TO OBTAIN
INFORMATION CONCERNING BASIC MECHANISMS OF RESPONSE FOR THOSE
SITUATIONS WHERE SUCH MEASUREMENTS WOULD CARRY A SIGNIFICANT RISK IF
APPLIED TO MAN OR IN SITUATIONS WHERE SUCH MEASUREMENTS ARE NOT YET
AVAILABLE IN MAN.
RTOF NO. 910-21~13 TITLE: RESPIRATORY PHYSIOLOGY
ORGANIZATION: lMES RESEARCH CENTER·
MONITOR: KLEIN# HQ P. TELa 415-961-2735
TECHNICAL SUMMARY
PULMONARY FUNCTION MUST UNDERGO SIGNIFICANT CHANGES IN
WEIGHTLESSNESS. THE OBJECTIVE OF THIS PROGRAM IS TO DETERMINE THE
MAGNITUDE OF CERTAIN OF THESE CHANGES AND DETERMINE THEIR EFFECTS PN
THE ABILITY OF MAN TO ADJUST SUCCESSFULLY TO LONG DURATION
SPACEFLIGHT AND TO ~EADJUST TO NORMAL GRAVITY SUBSEQUENT TO SUCH A
MISSIONG IN ADDITION w THE PART PLAYED BY GRAVITY IN DETERMINING
PUL~ONARY FUNCrION ON EARTH IILl BE EXAMINED TO OBTAIN BASELINE DATA
AND IMPROVE THE PREDICTIONS WHICH CAN BE MADE REGARDING THE CHANGES
EXPECTED IN WEIGHTLESSNESS.THE FUNCTIONS TO BE MEASURED ARE LUNG
VOLUMES, OXYGEN AND CARBON DIOXIDE WASHOUT q REGIONAL PERFUSION v
REGIONAL VENTILATION, TOTAL VENTILATION, VENTILATION/PERFUSION RATIOS
FOR WHOLE LUNG AND DIFFERENT REGIONS .. PULMONARY DIFFUSING CAPACITY"
MIXED VENOUS C02 TENSIONS" PULMONARY BLOOD VOLUME AND CARDIAC OUTPUT.
A PROPOSAL FOR A FLIGHT EXPERIMENT HAS BEEN COMPLETED AND INITIAL
LABORATORY WORK HAS BEEN CARRIED 'OUT. IN THE AREA OF AEROSOt
DEPOSITION, WHERE SIGNIFICANT CHANGES ARE ALSO EXPECTED .. EXPERIMENTS
WILL BE CARRIED OUT UNDER HIGH AND ZERO GRAVITY CONDITIONS TO CONFIRM
THE PREDICTED CHANGES IN DEPOSITION IN THE LUNG FROM THE LARGER
PARTICLE SEDIMENTATION FACTOR. THE APPROACH WILL BE FOURFOLD: 1.
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INVESTIGATIONS TO DETERMINE THE EFFECTS OF GRAVITY ON NORMAL HU~AN
LUNG, WITH PARrICOLAR REFERENCE TO MECHANICAL DEFORMATION AND ITS
EFFECTS ON PUL~ONARY FUNCTION; 2. CONTINUED WORK ON BASELINE DATA
REQUIRED FOR THE GROUND CONTROLS FOR A FUTURE FLIGHT EXPERIMENT; 3 •
.PEASIBILITY DEMONSTRATIONS FOR HARDWARE SYSTEMS LATER TO BE CONVERTED
INTO FLIGHT SYSTEMS; 4. CENTRIFUGE AND AIRCRAFT PARABOLIC----
RTOP NO. 970-21-14 TITLE: METABOLISM AND NUTRITION
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: KLEIN, H. ~. TEL. 415-961-2735
TECHNICAL SUMMARY
THE MAJOR EMPHASIS IS BEING PLACED ON THE DEVELOPMENT OF A
BIOMEDICAL RESEARCH PROGRAM DIRECTED TOWARD THE DELINEATION OF
ADVERSE PHYSIOLOGIC1\-L RESPONSES TO WEIGHTLESSNESS AND REENTRY
ACCELERATION g AN INVESTIGATION OF THE CAUSES OF THESE ADVERSE
RESPONSES, AND A MAJOR EFFORT TO DEVISE AND TEST VARIOUS REMEDIAL
PROCEDURES. RESEARCH IS BEING DIRECTED TOWARD LIPID AND CARBOHYDRATE
METABOLIS M-, ENDOCRINE CONTROL OF CALCIUM f1ETABOLISM AND BONE
ELASTICITY F BODY TEMPERATURE REGULATION g WATER AND ELECTROLYTE
BALANCE~ TISSUE BREAKDOWN AND ALTERATION DURING WEIGHTLESSNESS, AND
VARIOUS REMEDI~L MEASURES TO COMBAT THE SPACE SHUTTLE REENTRY
ACCELERATION. SOME ANIMAL e BUT MAINLY HUMANS, WILL BE UTILIZED~ BED
REST WILL BE USED TO SIMULATE WEIGHTLESSNESS AND THE HUMAN CENTRIFUGE
FOR SIMULATING THE SHUTTLE REENTRY PROFILES. THE MAJOR PORTION OF
THE ABOVE RESEARCH WILL BE CONDUCTED IN-HOUSE.
RTOP NO. 970-21-16 TITLE: ENDOCRINOLOGY
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR~ KLEIN, H. p~ TEL. 415-961-2735
TECHNICAL SUMMARY
THIS RESEARCH HAS TWO MAJOR OBJECTIVES: 1) TO INVESTIGATE THE
MECHANISMS RESPONSIBLE FOR BODY FLUID LOSS DURING SIMULATED
WEIGHTLESSNESS (BED-REST); AND 2) TO DETERMINE THE DECREMENT IN
ACCELERATION TJLERANCE TO BE-ENTRY PROFILES AND TO TEST VARIOUS
REHYDRATION PR~CEDURES TO ALLEVIATE THE REDUCED TOLERANCE. BLACKOUT
TOLERANCE TO +GZ (HEAD-TO-FOOT) ACCELERATION IS REDUCED FOLLOWING
DEHYDRATION. BEDREST RESULTS IN DEHYDRATION PLUS OTHER PHYSIOLOGICAL
CHANGES. BODY WATER BALANCE IS CONTROLLED BY VARIOUS HORMONES
INCLUDING ANTIDIURETIC HORMONE u ALDOSTERONE ff RENIN, ANGIOTENSIN u AND
CORTISOL AND THEIR INFLUENCE ON BED-REST DIURESIS WILL BE DETERMINED.
REDUCTION IN +GZ TOLERANCEFOLLOWING BED~REST IS GREATER THAN THAT
FOLLOWING DEHYDRATION ALONE. SPACE TRAVELERS WILL PROBABLY BE
EXPOSED TO PROLONGED PERIODS OF WEIGHTLESSNESS WITH CONCOMITANT
ADVERSE PHYSIOLOGICAL CHANGES. ADEQUATE REHYDRATION SHOULD ALLEVIATE
A PORTION OF THE ACCELERATION INTOLERANCE TO RE~ENTRY PROFILES.
309
RTOP NO. 970-21-25 TITLE: CHEMISTRY AND MICROBIOLOGY
ORGANIZATION: AMES RESEARCH CENTER:
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARy
THIS PROGRAM HAS AS ITS OBJECTIVE THE DEFINITION AND STUDY OF
POTENTIAL MICROBIOLOGICAL AND BIOCHEMICAL PROBLEMS OF MANNED SPACE
FLI~HT. STUDIES WILL BE DIRECTED TO EXAMINE AND ASSESS ALTERATIONS
BETWEEN MAN AND HIS MICROFLORA IN THE SPACECRAFT ENVIROBMENT DURING
MANNED SPACE FLIGHT, ESPECIALLY AS THEY MAY ADVERSELY AFFECT
ASTRONAUT HEALrH. RESEARCH WILL BE ORIENTED TOWARD A NUMBER OF
PARAMETERS CONCERNED WITH VIRULENCE OF MICROORGANISMS, IMMUNITY TO
INFECTION, RAPID DIAGNOSIS OF THE INFECTED STATE, MEASURES TO PREVENT
OR LIMIT INFECTIOUS DISEASE, MICROBIAL SHOCK AND MUTATIONAL EFFECTS
AS RELATED TO MANNED SPACE MISSIONS. THE OVERALL APPROACH WILL BE TO
STUDY THE MECHANISM OF RESPONSIBILITY FOR UNDESIRABLE OR HAZARDOUS
CHANGES IN THE HOST PARASITE SYSTEM IN A SPACECRAFT ENVIRONMENT,
MAINLY BY A CONTINUATION AND EXPANSIOB OF GRANTS TO UNIVERSITIES PLUS
SPECIFIC IN-HOUSE EFFORTS. THE LONG-TERM TO~ERANCE OR TOXICITY OF
EXPOSURE TO GASEOUS CONTAMINANTS KNOWN TO PRESENT A POTENTIAL PROBLEM
IN SPACE CABINS WILL BE STUDIED. THOSE JUDGED AS CRITICAL BY THE
SPACE SCIENCE BOARD WILL BE !NVESTIGATED FOR 90 AND 180 DAY EXPOSURES
IN RATS. CHAN3ES IN PHYSIOLOGY WILL BE ESTABLISHED. THE FORMER
CHANGES CAN BE USED TO ASSESS SUSPECTED CHANGES IN ASTRONAUTS.
CONCURRENT EXPERIMENTS WILL DETERMINE WHICH CONTAMINANTS ARE CRITICAL
EITHER AS PRIME TOXICANTS OR AS SYNERGISTS.
'-"-r:.,.~ )
RTnp NO. 970-21-35 TITLE: BIODYNAMICS AND ATMOSPHERES
ORGANIZATION: AMES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNIC AL SUMMARY··--
AEROSOLS, OF SOME CONCERN IN ~PACECRAFT, WILL BE STUDIED IN BOTH
ANIMALS AND HUMANS CORRELATIONS WILL BE MADE BETWEEN PHYSIOLOGIC
ALTERATIONS CAUSED BY DAMAGING AGENT AND OBSERVED MORPHOLOGY. EXTENT
OF DAMAGE AND REVERSIBILITY WILL BE ESTABLISHED USING MORPHOLOGY AS
AN ENDPOINT. HUMAN, PARTICULATE INDUCED PATHOLOGY WILL BE STUDIED IN
A SIMILAR MANNER AS A POINT OF REFERENCE WITH RESPECT TO THE STATE OF
DAMAGE WHICH M~Y OCCUR IN ASTRONAUTS. THE GREATER RISK OF DYSBARISM
IN PRESENTLY PLANWED ATMOSPHERES REQUIRES INVESTIGATIORS INTO
PREVENTATIVE OR REMEDIAL TECHNIQUES. TO THIS END, NITROGEN
SCAVENGING COMPOUNDS ARE BEING DEVELOPED WHICH WILL REMOVE NITROGEN
FROM TISSUES AND BLOOD. A PROGRAM IS BEING ESTABLISHED TO EVALUATE
HUMAN DECOMPRESSION DATA AND TO DERIVE RELATIONSHIPS THERE FROM WHICH
ARE APPLICABLE AS PREDICTIVE TOOLS FOR DECOMPRESSIVE MISHAPS IN SPACE
FLIGHT SITUATI)NS. DESIGN LIMITATIONS PREDICATE THAT CREW AND
PASSENGERS ON SPACE VEHICLES WILL BE SUBJECTED TO 2-4 GIS FOR
CONSIDERABLE PERIODS OF TIME UPON REENTRY. TOLERANCE OF HUMANS AFTER
VARYING PERIODS OF SIMULATED WEIGHTLESSNESS WILL BE DETERMINE UNDER
MEDICALLY CONTROLLED CONDITIONS. SUBSEQUENTLY, THE EFFECTS OF
VARIOUS MEASURES AIMED AT COUNTERACTING REENTRY PROFILES FROM THE
WEIGHTLESS STATE WILL BE ASCERTAINED.
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RTOP NO. 970-21-51 TITLE: HUMAN BEHAVIOR AND PERFORMANCE
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: KLEIN, H. P. TELo 415=961-2735
TECHNICAL SUMMARY
THE SUCCESS OF MANNED SPACE MISSIONS DEPENDS UPON MANiS ABILITY
TO PERFORM WELL UNDER NORMAL AND ADVERSE CONDITIONS. ONE CONDITION
THAT MAY LEAD ro PERFORMANCE DECREMENTS IN SPACE FLIGHT IS ABNORMAL
LIGHTING OF THE VEHICLE INTERIOR, DUE TO A HIGH INTENSITY BEAM OF,
SUNLIGHT ENTERING THE CREW COMPARTMENT. PERFORMANCE DECREMENTS
ASSOCIATED WITH SUCH ILLUMINATION WILL BE DETERMINED. THIS
INFORMATION WILL PERMIT SPECIFICATION OF ENGINEERING APPROACHES TO
MORE OPTIMAL LIGHTING CONDITIONS. A RELATED EFFORT WILL INVOLVE
FURTHER DEVELOPMENT OF THE AMES CREW EVALUATOR (ACE), A DEVICE
DESIGNED TO MONITOR PERFORMANCE CAPABILITY IN A TASK INVOLVING
HIGHER-ORDER MENTAL FUNCTIONING. PARAMETRIC STUDIES DESIGNED TO
DETERMINE OPTIMUM TEST PROCEDURES WILL BE CONDUCTED. SLEEP
DEPRIVATION STUDIES WILL ESTABLISH THE ABILITY OF THE TEST PROCEDURES
TO DETECT PERFORMANCE DECREMENTS DUE TO STRESS. RESEARCH WILL
INVESTIGATE THE EFFECT OF SOCIAL INTERACTION PROCESSES ON THE QUALITY
OF INDIVIDUAL ~ND GROUP PERFORMANCE AND ADJUSTMENT DURING LONG
DURATION ISOLATION AND CONFINEMENT. ANOTHER LINE OF EFFORT WILL
EXPLORE THOSE ASPECTS OF THE ENVIRONMENT WHICH INHIBIT AND FACILITATE
TASK PERFORMANCE IN TWO MAN GROUPS, WHEN COOPERATIVE ACTION IS
REQUIRED. TECHNIQUES OF AUTONOMIC CONDITIONING WHICH MAY FACILITATE
PERFORMANCE UNDER STRESS WILL BE INVESTIGATED. RESEARCH WILL BE
CONDUCTED TO DEVELOP BEHAVIORAL TESTS OF ALERTNESS, AND TO CORRELATE
THESE WITH PHYSIOLOGICAL (PARTICULARLY EEG) INDICES OF ALERTNESS.
THE OBJECTIVE IS TO DEVELOP AUTOMATED TESTS OF ALERTNESS, SUITABLE
FOR USE IN OPERATIONAL ENVIRONMENTS. MODELS OF MAN-COMPUTER
INTERACTIdN ARE UNDER DEVELOPMENT FOR--~-
RTOP NO. 970-21-52 TITLE: BEHAVIORAL PHYSIOLOGY
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY •
A PRINCIPAL OBJECTIVE OF THIS AREA IS TO CONDUCT RESEARCH ON THE
BEHAVIORAL ASPECTS OF PHYSIOLOGICAL CHANGES ASSOCIATED WITH SPACE
FLIGHT. EFFORTS WILL BE DEVOTED TO THE STUDY OF INTERACTIONS BETWEEN
PHYSIOLOGICAL FUNCTION AND BEHAVIOR~ INCLUDING THE DETECTION OF
SUBTLE BEHAVIORAL CHANGES RESULTING FROM ALTERED PHYSIOLOGICAL
STATES. ONE PRINCIPAL TOPIC OF CONCERN INCLUDES CIRCADIAN RHYTHMS,
SLEEP SCHEDULING, AND WORK REST CYCL~S, AND THE ASSESSMENT OF THE
EFFECTS OF RHYTHM DESYNCHRONIZATION AND SLEEP DEPRIVATION. THE
EFFECTS OF DRUGS, NUTRITIONAL SUBSTANCES, TOXIC CONTAMINANTS,
RADIATION, AND ALTERED RESPIRATORY GASES ON BEHAVIORAL PERFORMANCE
WILL BE INVESTIGATED. ATTENTION WILL BE DEVOTED TO THE BEHAVIORAL
ADJUSTMENTS AND ADAPTATIONS TO PHYSIOLOGICAL CHANGES ASSOCIATED WITH
SPACE FLIGHT INCLUDING, FOR EXAMPLE, MOTIVATIONAL (THIRST) CHANGES
ACCOMPANYING ALTERED FLUID AND ELECTROLYTE BALANCE. LONG RANGE
STUDIES WILL INCLUDE INTEROCEPTIVE CONDITIONING, WHICH DEALS WITH THE
REGULATION OF INTERNAL ORGANS THROUGH CONDITIONING AUTONOMIC
REFLEXES. TECHNIQUES FOR THE QUANTIFICATION OF PHYSIOLOGICAL AND
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BEHAVIORAL CIRCADIAN RHYTHMS~ ELECTRICAL ACTIVITY OF THE BRAIN. AND
OTHER BIOLOGIC~L VARIABLES THAT ARE RESPONSIVE TO CERTAIN
ENVIRONMENTAL FACTORS (SUCH AS LIGHT, TEMPERATURE g DRUGS g HYPOXIA,
ETCQ) WILL BE DEVELOPED AND APPLIED TO PROBLEMS ASSOCIATED WITH
EXTENDED SPACE FLIGHT. MAN AS WELL AS A WIDE RANGE OF INFRAHUMAN
SPECIES WILL BE STUDIED SO AS TO ARRIVE AT A GENERAL UNDERSTANDING OF
BASIC MECHANISMS UNDERLYING BIORHYTHMICITY. BIOCHEMICAL g
BIOPHYSICAL g PHYSIOLOGICAL, AND BEHAVIORAL METHODS WILL BE USED-=--
RTOP NO. 970-21-53 TITLE: SENSORY SYSTEMS AND NEUROBEHAVIORAL
STUDIES
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: K1EIN u HQ P. TEL. 415-961-2735
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO BROADEN AND DEEPEN OUR
KNOWLEDGE OF POSTURAL AND ORIENTING MECHANISMS - ESPECIALLY THEIR
RESPONSES TO U~USUAL ENVIRONMENTAL FORCESo THIS INFORMATION WILL BE
APPLIED TO THE EVALUATION g PREDICTION AND CONTROL OF THE ADVERSE
EFFECTS OF THE UNUSUALLY HIGH AND LOW fiG" FORCES AND UNUSUAL LINEAR
AND ANGULAR AC:ELERATIVE FORCES ENCOUpTEREb IN EXTENDED SPACE
MISSIO~S. PARrICULAR ATTENTION WILL BE PAID TO VISUAL Q VESTIBULAR,
AND PROPRIOCEPTIVE (MUSCLE FEEDBACK) SYSTEMS, THEIR INTERACTIONS, AND
THEIR RELATIONSHIPS WITH THE GENERAL MECHANISMS UNDERLYING SLEEP AND
WAKEFULNESS. DESCRIPTIVE STUDIES WILL DEFINE THE EFFECTS OF ALTERED
GRAVITY ON NEUROPHYSIOLOGICAL FUNCTION AND BEHAVIOR, ORIENTATION,
SENSORIMOTOR C~ORDINATION, POSTURAL CONTROL AND LOCOMOTION.
ANALYTICAL STUDIES WILL BE DEVOTED TO THE UNDERSTANDING OF THE NEURAL
PROCESSES INVOLVEp IN GRAVITY RECEPTION AND RESPONSE THRESHOLDS FOR
DETECTING CHANGES IN ACCELERATION AND ROTATION, AND THE RATE AND
LEVEL OF ADAPTATION TO CHRONIC EXPOSURE TO ALTERED GRAVITY.
NEUROPHYSIOLOGICAL AND NEUROCHEMICAL STUDIES WILL ADDRESS THE
MECHANISMS WHICH UNDERLIE LEVELS OF SLEEP AND AROUSAL ATTENTION Q
ALERTNESS, AND MOTIVATION. THE BEHAVIORAL ASPECTS OF MATURATION AND
DEVELOPMENT WILL BE INVESTIGATED WITH EMPHASIS ON THE EFFECTS OF
CHRONIC EXPOSURE TO LEVEL ABOVE AND BELOW EARTH GRAVITY. IN
ADDITION Q WORK ON THE MECHANISMS OF COMPLEX ORIENTATIONAL CAPACITIES
IN MAN AND ANIMAL WILL ALSO RECEIVE ATTENTION. OTHER SENSORY SYSTEMS
SUCH AS THOSE SERVING AUDITORY AND CUTANEOUS (TACTILE 6 THERMAL g AND
PRESSURE) SENSIBILITIES~ WILL BE INVESTIGATED AS NECESSARY IN SUPPORT
OF FLIGHT EXPERIMENTS AND----
RTOP NO. 970-21-61 TITLE: REGULATORY BIOLOGY
ORGANIZATION: 1\ ~1ES RES:EARCH CENTER'<;~:;;c;,',,,,:~,ec
MONITOR: FOSTER g J. V. TEL. 415-961-2267
TECHNICAL SUMMARY"
TO ESTABLISH AND UNDERSTAND THE BIOCHEMICAL AND PHYSIOLOGICAL
BASES FOR FUNCTIONAL VARIATIONS IN PLANT AND ANIMAL SYSTEMS EXPOSED
TO THE SPACE ENVIRONMENT. RESEARCH WILL BE PERFORMED ON
REPRESENTATIVE BIOLOGIC SPECIES AT DIFFERENT LEVELS OF BIOLOGIC
ORGANIZATION Ta DETERMINE THE INFLUENCE OF ALTERED GRAVITY ON MAJOR
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BIOLOGIC FUNCTIONSo CHANGES IN GRAVITY WILL BE INTRODUCED BY ~EANS
SUCH AS ACCELERATION (CENTRIFUGE) OR GRAVITY COMPENSATION
(CLINOSTAT). OBSERVATIONS WILL MADE ON THE BIOCHEMICAL PATHWAYS AND
PHYSIOLOGIC PR~CESSES ASSOCIATED WITH BODY FUNCTIONS LIKELY TO BE
AFFECTED BY GRAVITY CHANGES, REGULATORY FACTORS IN HOMEOSTATIC
ADJUSTMENT WILL BE STUDIED DURING SIMULATED AS WELL AS ACTUAL SPACE
FLIGHT IN RELAfION TO THE CONDITIONING AND DECONDITIONING TO AND FROM
A GIVEN STRESS. MODELS WILL EE DEVELOPED FOR STUDYING THE CHEMICAL
ABLATION ot BIOLOGIC PATHWAYS AS WELL AS CHEMICAL NEUTRALIZATION OF
CONDITIONING FACTORS. INFORMATION OF THIS NATURE IS DESIRED FOR THE
UNDERSTANDING AND PRECISE INTERPRETATION OF THE EFFECTS OF
WEIGHTLESSNESS AND OTHEF DYNAMIC FACTORS ASSOCIATED WITH SPACE FLIGHT.
RTOP NO. 970-21-62 TIT1E~ DEVELOPMENTAL BIOLOGY
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR~ FOSTER.;' J. V. TEL l.n5~961-2267
TECHNICAL SUMMARY
TO DETERMINE THE EFFECTS OF THE SPACE ENVIRONMENT ON
DIFFERENTIATION~ GROWTH Q DEVEIOPMENT u MATURATION AND SENESCENCE OF
LIVING SYSTEMS. RESEARCH WILL BE PERFORMED ON THE ROLE OF GR~VITYw
FROM HIGH G TO WEIGHTLESSNESS g IN THE MAINTENANCE OF CELLULAR
INTEGRITY g OF :ELLULAR SPATIAL RELATIONSHIPS AND IN BIOCHEMICAL AND
BIOPHYSICAL REACTIONS THAT CONTROL DIFFERENTrATION~ GROWTH,
DEVELOPMENT, A~D MATURATION OF EMBRYONIC SYSTEMS g BOTH PLANT AND
ANIMAL. OF GENERAL IMPORTANCE IS THE DETERMINATION OF ANY SUBTLE OR
GROSS EFFECT OF ALTERED GRAVITY ON THE ORGANIZATION OF LIVING MATTER
DURING A COMPLETE LIFE SPAN IN THE SPACE ENVIRONMENT AND ITS
SUBSEQUENT READAPTATION TO EARTH'S GRAVITY. THE QUANTITATIVE
COMPARATIVE DIFFERENTIATION BETWEEN GRAVITY-DEPENDENT AND
GRAVITY-INDEPENDENT SYSTEMS WILL BE EVALUATED CRITICALLY.
RTOP NO. 970-21-64 TITLE: GENETIC BIOLOGY
ORGANIZATION~ ~MES RESEARCH CENTER
MONITOR: FOSTER v J. V. TEL. 415~961~2267
TECHNICAL SUMMARY
THE OBJECTIVE OF THE GENETIC BIOLOGY PROGRAM IS TO DETERMINE ~HE
EFFECTS OF SPACE FLIGHT ON GENETIC INTEGRITY USING WELL-·ESTABI.ISHED fi
WELL-CHOSEN ENDPOINTS. EXPERIMENTS HAVE BEEN SELECTED WHICH CAN BE
DEVELOPED INTO FLIGHT EXPERIMENTS. LABORATORY TESTS WILL BE REQUIRED
TO DEVELOP PR02EDURES AND ESTABLISH BASELINE GENETIC DATA. IMPROVED
TECHNIQUES WILL BE USED TO MEASURE SPECIFIC ENDPOINTS, SUCH AS THE
USE OF ELECTRON MICROSCOPY IN ANALYZING SPINDLE MALFUNCTIONS IN
PLANTS. METHODS OF FIXATION OF BIOLOGICAL MATERIAL IN SPACE FOR
PROLONGED STORAGE WILL BE DEVELOPEDc A SELF-POWERED UNIT FOR
FIXATION AND PRESERVATION WILL BE BUILT~ CHROMOSOME REJOINING WILL
BE STUDIED USING X-RAYS OR CHEMICAL MUTAGENS TO INDUCE BREAKS. THE
OCCURRENCE OF SEX-LINKED u RECFSSIVE g LETHAL MUTATIONS AND
TRANSLOCATIONS WILL BE DETER~IINED IN DROSOPHILA. SO~lATIC CHROMOSOME
ALTERATIONS AFrER IRRADIATION WILL BE OBSERVED CYTOLOGICALLY~ THE
TRANSMISSION OF MUTATIONS THROUGH SEVERAL GENERATIONS IN FLIGHT WILL
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BE MEASURED. ~ITOTIC NON-DISJUNCTION AND RECOMBINATION WILL BE
QUANTITATED IN ALGAE SYSTEMS. SELECTION OF MUTANT BACTERIAL STRAINS,
RESISTANT TO SPACE FLIGHT FACTORS, WILL PROVIDE RELIABILITY FOR A
CLOSED BIOREGENERATIVE WASTE MANAGEMENTS-YSTEM. RADIATION SOURCES
WILL BE DEVELOPED FOR IN FLIGHT USE TO DETECT SYNERGISM OF RADIATION
AN~ WEIGHTLESSNESS IN PRODUCI~G GENETIC DAMAGE. THE EFFECT OF HIGH Z
COSMIC RAY PARTICLES WILL BE DETERMINED.
RTOP NO. 970-22-20 TITLE: FOOD, ATMOSPHERE, WATER, AND WASTE
SUBSYSTEMS
ORGANIZATION: Tl.MESRESEARCH CENTER /
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
A PROGRAM. TQ CONDUCT LIFE SUPPORT RESEARCH AND ADVANCED
TECHNOLOGY WiLL ~E C~RRIED'OUT BY THIS CENTER. THE LIFE SUPPORT
AREAS TO BE'INVESTIGATED ARE: (A) ATMOSPHERE STORAGE AND GENERATION
INCLUDING CARBJN DIOXIDE ELECTROLYSIS, WATER VAPOR ELECTROLYSIS,
ADVANCED ACADEMIC LIFE SUPPORT RESEARCH, NON~CRYOGENIC NITROGEN
SUPPLY, STATIC FEED WATER ELECTROLYSIS, HYDROGEN-DEPOLARIZED CARBON
DIOX IDE CONCENTRATOR, AND TRACE CONTAMINANT CONTROL. (B) WA TER
MANAGEMENT INCL UDING WATER PURIFICATION BY REVERSE OSMOSIS. (C)
WASTE MANAGEMENT INCLUDING WASTE INCINERATION. (D) FOOD TECHNOLOGY
INCLUDING CHE-MICAL AND ENZYMATIC FOOD ~RODUCTION AND FRESH FOODS •
.. :~~.
r' ~-.
RTOP NO. 970-22-30 TITLE: CREW EQUIPMENT SYSTEMS
ORGANIZATION:! AMES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
AMES RESEARCH CENTER WILL CONDUCT A PROGRAM TO PERFORM RESEARCH
AND ADVANCED TECHNOLOGY IN CREW EQUIPMENT SYSTEMS. THE AREAS THAT
WILL BE INVESTIGATED ARE: (A) SPACE SUITS WHICH INCLUDES
DEVELOPMENT OF A HIGHLY ARTICULATE FULL PRESSURE GLOVE. (B) THERMAL
CONTROL WHICH INCLUDES ADVANCED LIQUID COOLED GARMENT DEVELOPMENT AND
LIQUI D COOLE-D GAR MENT-·THERM AL CONTROL. (C) PORT ABLE LIFE SUPPORT
SYSTEMS WHICH INCLUDES ADVANCED EXTRAVEHICULAR PORTABLE LIFE SUPPORT
SYSTEM DEVELOPMENT AND SYNTKESIS OF SOLID CHEMICALS FOR OXYGEN SUPPLY
AND CARBON DIOXIDE REMOVAL. (D) ADVANCED RESPIRATORY PROTECTIVE
SYSTEMS STUDY.
RTOP NO. 970-23-10 TITLE: SPACE SHUTTLE: INTEGRATED DISPLAY
REQUIREMENTS FOR APPROACH AND LANDING
ORGANIZATION: Tl.MES RESEARCH CENTER·
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
THE PILOT'S ROLE IN MONITORING AN AUTOMATIC GUIDANCE AND CONTROL
SYSTEM AND PROVIDING MANUAL BACKUP DURING THE TERMINAL AREA APPROACH
AND LANDING IS BEING STUDIED WITH THE GOAL OF OPTIMIZING THE MANNED
SYSTEM FOR SAFETY AND RELIABILITY. A SYSTEMS ANALYSIS STUDY IS BEING
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PERFORMED TO DEVELOP A SYSTEMS MODEL OF THE LANDING PHASE FOR THE
VEHICLE. THE ~ODEL WILL INCLUDE SYSTEM ELEMENTS, COMMAND INPUTS,
DISTURBANCES, AND THEIR INTERACTIONS IN AN ANALYTICAL FRAMEWDRK SO
THAT THE RELATIVE EFFECTS OF CHANGES IN THE VARIOUS SYSTEM ELEMENTS
ON PRECISION OF CONTROL, PILOT/CO-PILOT WORKLOADS AND AVAILABLE
MARGINS OF SAFETY THROUGHOUT THE TERMINAL OPERATIONS ENVELOPE CAN BE
ESTIMATED. CON:URRENT WITH THE SYSTEMS STUDY, PILOTED SIMULATOR
STUDIES OF TERMINAL AREA OPERATIONS WILL BE MADE UTILIZING VARIOUS
DISPLAY CONCEPrS AND CONFIGURATIONS. THE RESULTS OF THE SYSTEM
ANALYSIS STUDY AND THE SIMULATOR DISPLAY RESEARCH WILL BE COMBINED TO
PROVIDE RECOMMENDED PILOT PROCEDURES DURING THE TERMINAL AREA PHASE
OF THE MISSION.
RTOP NO. 970-23-20 TITLE: TELEOPERATOR MANIPULATOR AND EFFECTOR
TECHNOLOGY
ORGANIZATION: ~MES RESEARCH CENTER
MONITOR: KLEIN, H. P. TEL. 4i5-961-27~5
TECHNICAL SUMMARY
RESEARCH AND DEVELOPMENT STUDIES ARE REQUIRED TO DEVELOP
TELEOPERATOR SYSTEMS SUITA8LE FOR EXTENDING MAN'S CAPABILITIES TO
REMOTE OR HAZARDOUS ENVIRONMENTS ENCOUNTERED IN EXPLORATION OF SPACE
AND ON LUNAR OR PLANETARY SURFACES. RESEARCH IS PRESENTLY UNDERWAY
IN-HOUSE AND BY CONTRACT. IN-HOUSE STUDIES INCLUDE DEVELOPMENT OF A
REMOTE MANIPULATOR STEREO TELEVISION AND COMPUTER GENERATED DISPLAY,
AND END EFFECTJR (HAND). UNDER CONTRACT, TACTILE SENSORS AND END
EFFECTORS ARE BEING STUDIED IN CONJUNCTION WITH COMPUTER CONTROL OF
THE MANIPULATOR SYSTEM. RESULTS OF THESE EFFORTS ARE EXPECTED TO
PROVIDE USEFUL INPUTS TO BOTH THE DEFINITION AND CONDUCT OF A SPACE
TELEOPERATOR EXPERIMENT AND TO THE DEVELOPMENT OF OPERATIONAL
TELEOPERATOR SYSTEMS FOR SPACE EXPLORATION AND FOR APPLICATIONS ON
EARTH.
RTOP NO. 970-23-30 TITLE: BIOINSTRUMENTATION
ORGANIZATION: AMES RESEARCH CENTER '
MONITOR: KLEIN, H. P. TEL. 415-961-2735
TECHNICAL SUMMARY
THE INSTRUMENTATION EFFORT IN THIS AREA WILL SUPPORT THE LIFE
SCIENCES INFLIGHT RESEARCH PROGRAM. DIFFERENT MEASUREMENTS WILL BE
REQUIRED TO ASSESS CARDIOVASCULAR PERFORMANCE, PULMONARY PERFORMANCE,
FLUID ELECTROLYTE BALANCE AND CALCIUM METABOLISM. NON-INVASIVE
METHODS PRESENTLY UNDER DEVELOPMENT FOR MEASURING AND EVALUATING
CARDIAC FUNCTIJN IN MAN WILL BE CONTINUED AND DEVELOPED TO THE FLIGHT
PROTOTYPE LEVEL. NEW METHODS FOR MEASURING EeG AND/OR DEEP BODY
TEMPERATURE IN MAN BY SWALLOWABLE TRANSMITTERS WILL ALSO BE
INVESTIGATED. ADVANCED METHODS FOR VECTOR ELECTROCARDIOGRAPHY AND
SURFACE MAPPIN3 OF BODY POTENTIALS BY MULTIPLE TELEMETERED SIGNALS
FROM THE BODY SURFACE WILL ALSO BE INVESTIGATED. THESE LATTER
METHODS SHOW PROMISE IN ALLOWING DETERMINATION OF HEART VOLUME AND
BLOOD HEMATOCRIT BY NON-INVASIVE MEANS. NEW METHOD FOR DATA
COMPRESSION OF VIDEO IMAGE INFORMATION WILL ALSO BE PURSUED AS WELL
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AS WORK IN CONTINUING TO OBTAIN X-RAY IMAGES OF CHEST AND/OR
ABDOMINAL ORGANS FOR STUDY DURING FLIGHT BY AN ON-BOARD X-RAY SISTEMe
WORK WILL CONTINUE IN SUPPORT OF ADVANCED INFLIGHT PROPOSALS FOR
MANUAL NAVIGATIONAL SIGHTINGS g HUMAN TRANSFER FUNCTION g AND
MEASUREMENT OF BONE DENSITOMETRY.
RTOP NO. 970-31-11 TITLE: NEUROPHYSIOLOGY - HUMAN RESPONSE TO THE
INERTIAL ENVIRONMENT OF SPACE
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR~ NELSON q Co H. TELe 703-827-2893
TECHNICAL SUMMARY
IN SPACE FLIGHT MAN IS EXPOSED TO THE STATE OF WEIGHTLESSNESS OR
AS A POSSIBLE ALTERNATIVE HE MAY BE EXPOSED TO ARTIFICIAL GRAVITY.
THESE INERTIAL CHARACTERISTICS OF THE SPACE ENVIRONMENT HAVE A DIRECT
INFLUENCE ON MAN'S VESTIBULAR AND ASSOCIATED NEUROLOGICAL SYSTEMS q
WHICH IN TURN AFFECT HIS CAPABILITY TO PERFORM AND SUSTAIN ADEQUATE
PERFORMANCE OVER EXTENDED PERIODS. THE PURPOSE OF THIS RESEARCH IS
TO EXTEND STUDIES OF THESE CONDITIONS AND EFFECTS. THE INERTIAL
CONDITIONS OF THE SPACE ENVIRONMENTS SUCH AS REDUCED GRAVITY AND
ROTATION WILL BE SIMULATED IN GROUND BASED FACILITIES AND EQUIPMENTS
AND BY AIRPLANE FLIGHT TRAJECTORIES AND MAN~S RESPONSE AND
PERFORMANCE WILL BE EXAMINED~ PARTICULAR EMPHASIS WILL BE PLACED IN
PROBLEMS OF SPATIAL ORIENTATION UNDER CONDITIONS OF ZERO AND REDUCED
GRAVITY~ OF MorION SICKNESS INDUCED BY THE ENVIRONMENTAL CONDITIONS g
AND OF VISUAL PERCEPTION. PURTHER v STUDIES OF ADAPTATION TO THE
ENVIRONMENTAL ~ONDITION WILL ALSO BE EMPHASIZED. THE IMPROVEMENT OF
BIOINSTRUMENTATION FOR EVALUATING HUMAN PERFORMANCE AND RESPONSE TO
THE VARIOUS CONDITIONS OF THE SPACE ENVIRONMENT ARE REQUIRED AND ARE
INCLUDED HERE AS OVERGUIDELINESo
RTOP NO. 970-31-51 TITLE: HUMAN BEHAVIOR AND PERFORMANCE
ORGANIZATION: LANGLEY RESEARCH CENTERc' "
MONITOR: NELSON v C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
TO ESTABLISH THE BASIC PRINCIPLES FOR OPTIMAL STRUCTURING OF
SMALL GROUPS UNDER CONDITIONS OF ISOLATION g CONFINEMENT, AND OTHER
STRESSES..TO ADVANCE KNOWLEDGE OF HUMAN CAPABILITIES AND LIMITATIONS
IN BEHAVIOR AND PERFORMANCE RELEVANT TO ROLES MAN MUST FULFILL IN
SPACE.MAJOR INITIAL EMPHASIS WILL BE PLACED ON THE DEVELOPMENT OF
CRITERIA FOR THE SELECTION OF INDIVIDUALS FOR MEMBERSHIP IN GROUPS
WHICH ARE ASSIGNED SPECIFIC MISSION TASKS. METHODS FOR CONTINUOUS
ASSESSMENT OF PERFORMANCE AND GROUP INTERACTION OVER LONG PERIODS OF
TIME WILL BE DEFIN~D AND VALIDATED. SUCH METHODS SHOULD BE
SUFFICIENTLY SENSITIVE TO DETECT ALTERATION IN THE EFFECTIVENESS OF
INDIVIDUAL AND GROUP FUNCTIONING,UNDER ADVERSE CONDITIONS SUCH AS
RHYTHM DESYNCHRONIZATION, SLEEP DEPRIVATION, AND SITUATIONAL STRESS.
RESEARCH WILL BE DEVOT~D TO THE PROGRAMMING OF ENVIRONMENTAL EVENTS
AND PROCEDURES FOR THE PREVENTION AND CORRECTION OF UNDESIRABLE
BEHAVIOR RESULfING FROM SOCIAL AND ENVIRONMENTAL CONDITIONS ANALOGOUS
TO THOSE ENCOUNTERED IN SPACE FLIGHT.
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RTOP NOQ 970-32-10 TITLE:
ORGANIZATION: LANGLEY RESEARCH CENTER
MONITOR: NELSON p C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
SPACE MISSIONS REQUIRE HIGHLY RELIABLE LIFE SUPPORT SYSTEMS
WHICH PROVIDE THE WATER~ OXYGEN, FOOD ~ASTE REMOVAL w AND ENVIRONMENT
CONTROL NEEDED TO SUSTAIN THE CREWMEN FOR LONG DURATIONS OF TIME.
CANDIDATE SUBSrSTEMS, SUCH AS VAPOR DIFFUSION W~TER RECLAMATION AND A
ZERO GRAVITY SHOWER MUST BE DEVELOPED g SCALED UP TO REALISTIC
CAPACITIES, INTEGRATED INTO CCMPLETE SYSTEMS WITH EMPHASIS ON
AUTOMATION v RELIABILITY" MAINTAINABILITY, AND PACKAGABILITY AND
PERFORMANCE TESTED BY MEANS OF MANNED AND UNMANNED TESTS. IN-HOUSE
AND CONTRACT RESEARCH IS UNDERWAY AND WILL BE SUPPLEMENTED TO FURNISH
AND TEST THE MaST PROMISING UNITS TO PROVIDE THE LIFE SUPPORT
FUNCTIONS~ OPERATIONAL HARDWARE IS BEING DEVELOPED AND A MANNED TEST
OF INTEGRATED SUBSYSTEMS OF ATMOSPHERE SUPPLY AND PRESSURE CONTROL,
CARBON DIOXIDE REMOVAL AND REDUCTION. 'OXYGEN RECLAMATION e CONTAMINANT
CONTROL, WATER AND WASTE MANAGEMENT, AND PERSONAL HYGIENE WILL BE
PERFORMED~ EFFORTS ARE ALSO DIRECTED TOWARD PROVIDING CHEMICAL,
BACTERIAL. AND VIRAL ANALYTICAL LABORATORY SUPPORT WHICH INCLUDE
NONPERSONAL SERVICE STAFFING AND OPERATION. A WASHER/DRYER AND
DISHWASHER UNIrS WILL BE DEVELOPED WHICH WILL PROVIDE FOR ZERO
G~AVITY AND PARTIAL GRAVITY OPERATION. THESE UNITS WILL BE EVALUATED
SINGLY AND AS INTEGRATED UNITS IN CONJUNCTION WITH THE SHOWER g WATER
RECOVERY UNITS AND OTHER COMPONENTS OF THE LIFE SUPPORT SYSTEM. AN
OVERGUIDELINE EFFORT IS INCLUDED TO CONTINUED STUDY OF EC/LSS
COMPONENTS AND APPLICATIONS FOP SPACE SHUTTLE.
a'rop NOe 970-32~20 TITLE: FOOD, ATMOSPHERE&,\ WATER w .WASTE
ORGANIZATION: LANGLEY RESEARCH CENTER v ~
MONITOR: NELSON, C. H. TEL~ 703-827-28if3
TECHNICAL SUMMARY
THE PURPOSE OF THIS RESEARCH AND DEVELOPMENT PROGRAM IS TO
PROVIDE THE TECHNOLOGY FOR LIFE SUPPORT SUBSYSTEMS FOR FUTURE NEAR
EARTH MANNED SPACE MISSIONS. THIS EFFORT WILL PROVIDE THE NECESSARY
DEVELOPMENT AND DESIGN VERIFICATION TESTING, BOTH IN-HOUSE AND ON
CONTRACT TO DEMONSTRATE THE PRACTICALITY, THE RELIABILITY, AND THE
ADEQUACY OF ADVANCED ENVIRONMENTAL-THERMAL CONTROL/LIFE SUPPORT
SYSTEMS (ETC/LSS). EMPHASIS WILL BE PLACED ON THE ESTABLISHMENT OF
PERFORMANCE DArA~ MAINTENANCE REQUIREMENTS, FAILURE RATES w SUBSYSTEM
AUTOMATION, AND INTERFACE REQUIREMENTS. THESE EFFORTS WILL BE
CENTERED ON CURRENTLY PROMISING ADVANCED ETC/LSS SUBSYSTEM AND
COMPONENT CONCEPTS w INCLUDING IMPROVED AMINE CARBON DIOXIDE
CONCENTRATION w SOLID ELECTROLYTE CARBON DIOXIDE REDUCTION~ SOLID
POLYMER WATER ELECTROLYSIS, AND A COMPLETE CONTAMINANT CONTROL
SYSTEM w INCLUDING REGENERABLE CHARCOAL. WATER AND WASTE MANAGEMENT
EFFORTS WILL EMPHASIZE ADVANCED CONCEPT DEVRLOPMENT AND DESIGN
VERIFICATION TESTING w BOTH IN-HOUSE AND ON CONTRACT IN AN EFFORT TO
OPTIMIZE BOTH THE WATER RECLAMATION PROCESSES THEMSELVES AS WELL AS
THE ANCILLIARY REQUIREMENTS OF STORAGE w PROVISION, INVENTORY'CONTROL,
AUTOMATIC OPERATION~ AND POTABILITY ASSAY. FURTHER DEVELOPMENT OF
SENSING AND CO~TROL MECHANISMS FOR CHLORINE GENERATION METHODS AS A
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PART OF THE STERILIZATION EFFORT IS SUBMITTED AS OVERGUIDELINES. IN
ADDITION, A NEW EFFORT ON HYDROGEN DEPOLARIZED CARBON DIOXIDE
CONCENTRATION IS INCLUDED AS OVERGUIDELINE.
RTOP NO .. 970-33-10 TITLE: WORK/MOBILITY IN ZERO/ARTIFICIAL GRAVITY
ORGANIZATION: LANGLEY RESEARCH CENTER!~
MONITOR: NELSON, C. H. TEL. "703-827-2893
TECHNICAL SUMMARY
THE GENERAL OBJECTIVE IS TO PERFORM STUDIES IN SIMULATED SPACE
ENVIRONMENTS FQR DEVELOPING DEVICES, OPERATIONAL PROCEDURES AND
DESIGN CRITERIA TO ASSIST MAN'S MOBILITY AND HIS ABILITY TO WORK IN
SPACE. THE SPECIFIC OBJECTIVES ARE TO (A) PERFORM NEUTRAL BUOYANCY
STUDIES AND ESTABLISH CRITERIA FOR SPACE VEHICLES INTRAVEHICULAR
ACTIVITIES; (B) TO PROVIDE TECHNICAL AND OPERATIONS SUPPORT FOR SPACE
SIMULATION ACTIVITIES; (C) TO STUDY MAN/USE ASSIST DEVICES FOR
WEIGHTLES SNES S AN D REDUCED GRAVITY; (D) TO STUDY HUMAN PERFOR MA NCE IN
A ROTATING ~NVIRONMENT AND DEVELOP DESIGN CRITERIA FOR ARTIFICIAL
GRAVITY SPACECRAFT; AND (E) TO PERFORM STUDIES AND DEVELOP DESIGN
CRITERIA FOR SHUTTLE EMERGENCY ESCAPE SYSTEMS, WHICH IS BEING
SUBMITTED AS DVERGUIDELINES.
RTOP NO. 970- 42-3 0 TITLE: CR Pl·r·'E QUIPME NT SYSTEMS
ORGANIZATION: FLIGHT RESEARCH CENTER ,~
,MONITOR: CARPENTER, Lo R~ TEL.-805-258-3311
TECHNICAL SUMMARY
PROVIDE APPLIED TECHNOLOGY AND FLIGHT CONCEPT VERIFICATION OF
RESTRAINT SUBSYSTEMS FOR EARLY SPACE SHUTTLE TEST VEHICLES, AND
PROVIDE RESTRAINT AND ENVIRONMENTAL CONTROL SYSTEMS (ECS) TECHNOLOGY
FOR THE SCALED SHUTTLE. SHUTTLE RESTRAINT AND CREW PROTECTION
EQUIPMENT TECHNOLOGY THROUGH FABRICATION AND TEST OF CONCEPT
VERIFICATION OF COCKPIT EQUIPMENT INCLUDING ENERGY ABSORPTION AND
CREW SEATING AND RESTRAINT SUESYSTEMS. SCALED SHUTTLE COCKPIT, ECS,
AND RESTRAINT SYSTEMS TECHNOLOGY THROUGH DESIGN AND TESTING.
RTOP NO. 970-43-10 TITLE: SHUTTLE PILOT REQUIREMENTS
ORGANIZATION: FLIGHT RESEARCH CENTER. 0,
MONITOR: :ARPENTER, L. R. TEL'~/ 805":258-3311
TECHNICAL SUMMARY
TO DEVELOP INFORMATION AND PROCEDURES FOR THE SPACE SHUTTLE ON
THE TERMINAL PHASES, APPROACH AND LANDING, AND THE COCKPIT VISIBILITY
REQUIREMENTS FJR HIGH VELOCITY LETDOWN AND LANDING. EMPHASIZE THE
UTILIZATION OF AIRCRAFT TO PERFORM RESEARCH ON SPACE SHUTTLE APPROACH
ANGLES AND LANDING DYNAMICS TO IDENTIFY THE COCKPIT VISIBILITY
CHARACTERISTICS FOR SAFETY DURING THE TERMINAL PHASE. EFFECTS OF
SIDE VISION BLURRING DUE TO FAST APPROACHES AND FORWARD VISION DUE TO
STRUCTURES INTERFERENCE WILL BE STUDIED IN AIRCRAFT.
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SUPPORT SYSTEMS PROGRAM
CENTER
TELo 713-483-2171
RTOP NO. 970-52-10 TITLE: LIFE
ORGANIZATION: MANNED SPACECRAFT
MONITOF.: WILLIS, N. C.
TECHNICAL SUMM~RY
THE OBJECTIVE OF THE CURRENT ETC/LSS DEV'LO~MENT PROGRAM IS TO
DESIGN, DEVELOP AND TEST A FLIGHT PROTOTYPE SUBSYSTEM TO SUPPORT
FUTURE LONG DURATION EARTH ORBITAL MISSIONS. AN EQUALLY IMPORTANT
OBJECTIVE OF THIS PROGRAM IS TO EXERCISE A MANAGEMENT APPROACH TO
ADVANCED HARDWARE DEVELOPMENT WHICH WILL REDUCE THE ULTIMATE COST OF
FLIGHT SYSTEMS. THE PROGRAM PHILOSOPHY ENTAILS DEVELOPMENT OF THE
ETC/LSS LIFE SGPPORT SYSTEM HARDWARE UTILIZING A FLIGHT QUALIFIABLE
DESIGN WITH SUFFICIENT FLEXIBILITY g SUCH THAT THE PROGRAM COULD BE
APPLICABLE TO ~ VARIETY OF MISSION CONSIDERATIONS. SPECIFICALLY, THE
SPACE STATION PROTOTYPE (SSP) ETC/LSS MAINTAINS VEHICLE CABIN
PRESSURE, PROVI~ES A CONDITIONED SHIRTSLEEVE ATMOSPHERE FOR THE CREW,
MAINTAINS THERMAL CONTROL OF ELECTRONIC EQUIPMENT AND CONTROL OF THE
CLOSED-CYCLE W~TER-SUPPLY SYSTEM AND SOLID WASTES, UTILIZING THE
RECOVERY OF USEFUL PRODUCTS IN ORDER TO ACCOMMODATE LONG DURATION
MISSIONS. THE PROGRAM DOES NOT PRESUME TO BE THE SPECIFIC DESIGN FOR
A SPACE STATION; HOWEVER, THE REALISM ASSOCIATED WITH DESIGNING AND
TESTING A SYSTEM WITH FLIGHT TYPE CONSIDERATIONS IS NECESSARY TO
ATTACK THE SYSTEMS INTEGRATION AND MAINTENANCE CONCEPTS ASSOCIATED
WITH ADVANCED ETC/LSS AND TO DEVELOP A LOW COST APPROACH TO MANAGING
COMPLEX SYSTEMS FOR ADVANCED PROGRAMS. DEVELOP AN INTEGRATED SHUTTLE
ENVIRONMENTAL/THERMAL CONTROL AND LIFE SUPPORT SYSTEM (ETC/LSS)
PRELIMINARY DESIGN, INCLUDING HEAT REJECTION, WHICH OPTIMALLY MEETS
THE OPERATIONAL FLEXIBILITY IMPOSED BY THE MISSION, AS WELL AS THE
UNIQUE DESIGN :ONSTRAINTS OF REUSABILITY, RAPID LAUNCH TURNAROUND,
MINIMUM CREW PARTICIPATION AND GROUND SUPPORT, QUIESCENT----
RTOP NO. 970-52-20 TITLE: FOOD, ATMOSPHERE, WATER, AND WASTE
SUBSYSTEMS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: SAMONSKI, Fe H. TELo 713-483-5536
TECHNICAL SUMMARY .~~
THE FOOD, ATMOSPHERE, WATER AND WASTE SUBSYSTEMS FOR ADVANCED
SPACECRAFT REQGIRE ADVANCEMENT IN SEVERAL AREAS OF TECHNOLOGY IN
ORDER TO PROVIDE AN ACCEPTABLE BASE OF CONFIDENCE FOR SPACE
STATION/SHUTTLE APPLICATIONS. THE REQUIRED TECHNOLOGY BASE DICTATES
THAT CERTAIN IMPROVEMENTS BE ACHIEVED IN ANALYTICAL TECHNIQUES AND IN
HARDW~RE DEVELOPMENTS. THE HARDWARE DEVELOPMENTS ARE INTENDED TO
RESULT IN THE FABRRICATION AND EXTENSIVE EVALUATION OF FULL-SCALE
DEVELOPMENT UNITS IN THE SPECIFIC AREAS OF FOOD SYSTEMS, WATER AND
WASTE MANAGEMENT, INSTRUMENTATION" AND ATMOSPHERE SUPPLY AND CONTROL.
THE HIGH REUSABILITY AND MINIMAL MAINTENANCE ASPECTS OF OPERATION,
AS WELL AS OPERATIONAL FLEXIBILITY REQUIRED IN LIFE SUPPORT FOR
VARIABLE NUMBERS OF CREW MEMBERS, COUPLED WITH A WIDE VARIATION IN
THE REGIMES WHICH REQUIRE DIFFERENT HEAT REJECTION MECHANISMS, ARE
ALSO KEY DRIVING REQUIREMENTS. THE ANALYSIS METHOD DEVELOPMENTS ARE
INTENDED TO PRDVIDE PERFORMANCE PREDICTIONS AND INDICATE SUBSYSTEM
INTERACTIONS.
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EQUIPMENT SYSTEMS
CENTER
'rEL. 713- 483- 4 93 3
RTOP NO. 970-52-30 TITLE: CREW
ORGANIZATION~ MANNED SPACECRAFT
MONITOR~ HAYS~ Eo L.
TECHNICAL SUMMARY
DEFINE IV SUIT/LSS REQUIREMENTS AND SHUTTLE BOOSTER AND ORBITER
INTERFACE REQUIREMENTS IN ORDER TO PROVIDE A BASELINE FOR THE
PREPARATION OF DETAILED SPECIFICATIONS FOR IV EQHIPMENT. DESIGN~
FABRICATE~ AND TEST PROTOTYPES OF ADVANCED TECHNOLOGY SUITS. THIS
EFFORT WItL BE COORDINATED WITH THE SHUTTLE SUIT/LSS REQUIREMENTS
DEFINITION PROGRAM IN ORDER TO INCORPORATE DEFINITE SHUTTLE
REQUIREMENTS WHERE POSSIBLE. DEFINE EVA EQUIPMENT/SHUTTLE INTERFACE
REQUIREMENTS AND DEFINE EXPECTED EVA REQUIREMENTS IN ORDER TO PROVIDE
A BASELINE FOR THE PREPAR1!,TfON OF DETAILED SPECIFICATIONS FOR EVA
EQUIPMENT Q ADV ANeE THE STA'fE-OF;-THE-ARTTO DEVELOP AN ELASTOMERIC
FIBROUS MATERIAL THAT SHALL BE FLAME RESISTANT IN AN OXYGEN ENRICHED
ATMOSPHERE OF 10 PSIA AT 65/35 RATIO OF NITROGEN AND OXYGEN. THE
FIBER SHALL POSSESS PHYSICAL PROPERTIES EQUIVALENT TO THOSE OF
SPANDEX. FURTHERMORE, THIS MATERIAL ALSO SHALL BE CAPABLE OF MOLDING
AND EXTRUSION AND MAINTAIN RESILENCY AND ELASTICITY. ADVANCE THE
STATE-OF-THE-ART FOR RESTRAINT AND SUPPORT OF PERSONNEL DURING LONG
TERM EYEBALLS-DOWN ACCELERATICNS AFTER PERIODS OF WEIGHTLESSNESS AND
VERTICA~ LAUNCH. TRADE-OFF STUDIES TO DETERMINE THE BEST METHOD OF
SUPPORT AND RESTRAINT TO INSURE ENTRY CAPABILITY AFTER
WEIGHTLESSNESS. DESIGN STUDY TO MEET NEWER SPACECRAFT REQUIREMENTS.
RTOP NO. 910-53-10 TITLE~ SHUTTLE CREW TRAINING REQUIREMENTS AND
MA IN'TA IN ABILITY
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: MCELMURRY, T. Um TEL. 113-483-6416
TECHNICAL SUMMARY
THE GOAL OF THIS RESEARCH AND TECHNOLOGY OPERATING PLAN IS TO
DEVELOP A SET OF PROCESS AND PRODUCT SPECIFICATIONS AND SIMULATOR
REQUIREMENTS SPECIFICATIONS WHICH CAN BE USED TO INITIATE DEVELOPMENT
OF OPERATIONAL TECHNIQUES AND RESOURCES ASSOCIATED WITH CREW
INTEGRATION t CREW TRAINING AND CREW OPERATIONS FOR SPECIFIC NEAR
FUTURE MANNED SPACE PROGRAMS. TASK 21 - SHUTTLE FULL MISSION
SIMULATOR DEFINITION STUDY - THIS TASK DEVELOPS AND DOCUMENTS THE
REQUIREMENTS SPECIFICATIONS FOB A SHUTTLE FULL MISSION SIMULATOR AND
PROVIDES A BASIS FOR INITIATION OF SIMULATOR DESIGN~ TASK 22 -
SHUTTLE SIMULATOR VISUAL SYSTEM DEFINITION STUDY - THIS TASK DEVELOPS
AND DOCUMENTS THE REQUIREMENTS SPECIFICATIONS FOR A SHUTTLE CREW
TRAINING VISUAL SIMULATION SYSTFM. TASK 31 - IN-PLIGHT MAINTENANCE
AND STOWAGE OPERATIONS STUDY (PHASE II) - THIS TASK DEVELOPS PROCESS
AND PRODUCT SPECIFICATIONS FOR CONTROLLING AND MANAGING CREW
INTERFACE REQUIREMENTS FOR IN-FLIGHT MAINTENANCE AND STOWAGE
FUNCTIONS.
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RTOP NO. 970-53-20 TITLE: ATTACHED MANIPULATOR SYST~M FOR SHUTTLE
AND SPACE STATION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR~ DAVIDSON, R. B. TEL. 713-483-3319
TECHNICAL SUMMARY
ANALYSIS A~D BVALUATION WILL BE CONTINUED OF A MANIPULATOR
TECHNIQUE FOR DOCKING THE SHUTTLE IN EARTH ORBIT, LOADING AND
UNLOADING SHUTTLE CARGO v AND ASSEMBLING A MODULAR SPACE STATION FROM
SHUTTLE-LAUNCHED MODULES. THE ANALYSIS WILL INVOLVE INTEGRATED
SYSTEMS TO DEMJNSTRATE THE SUBSYSTEM TECHNOLOGY. THE OBJECTIVES OF
THIS EFFORT WILL BE TO DEVELOP THE FINAL DEFINITION OF THE SELECTED
MANIPULATOR CONCEPTS FROM THE STUDY CONDUCTED UNDER PY71 RTOP
127-51-40 AND TO CONDUCT AN IN-HOUSE SIMULATION PROGRAM TO
INVESTIGATE AND EVALUATE VARIOUS MANIPULATOR TECHNIQUES AND CONCEPTS.
RTOP NO. 970-53-30 TITLE: ADVANCED BIOINSTRUMENTATION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: !JOOL u S. L. TEL. 713-483-4121
TECHNICAL SUMMARY
SINCE THE, FIRST SUCCESSFUL LUNAR LANDING IN 1969, THE NASA HAS
BEEN PLACING M~RE AND MORE EMFHASIS ON SCIENTIFIC ENDEAVORS IN THE
SPACE ENVIRONMENT. THE APOLLO EXPERIMENTS PROGRAM HAS BEEN EXPANDED Q
THE EXPERIMENTAL EMPHASIS OF THE SKYLAB PROGRAM CONTINUES AND THE
CORE LABORATORY APPROACH TO SPACE STATION EXPERIMENTS IS EVIDENCE OF
THE EMPHASIS ON SCIENTIFIC ENDEAVOR IN ADVANCE AGENCY PLANNING. THE
LIFE SCIENCES PROGRAMS ARE WELL SUITED TO CARRY FORWARD THE
SCIENTIFIC INTEREST IN THE SPACE ENVIRONMENT AND ITS AFFECTS ON MAN.
IN ORDER TO ADEQUATELY PREPARE FOR FUTURE MISSIONS, THE LIFE SCIENCES
PROGRA~ HAS ORIGINATED AND PROPOSED PROGRAMS IN A WIDE VARIETY OF
FIELDS OF MEDICAL INTEREST INCLUDING ADVANCED BIOINSTRUMENTATION
EFFORTS. THE ADVANCED BIOINSTRUMENTATION PROGRAMS PROPOSED IN THIS
RTOP INCLUDE MANY ONGOING EFFORTS ALONG WITH A LIMITED NUMBER OF NEW
PROGRAMS. THE SCOPE OF THE RTOP IS BROAD IN THE SENSE THAT A DIVERSE
GROUP OF FIELDS ARE COVERED FROM NEUROLOGY TO ADVANCED ENGINEERING.
THE OVERALL THRUST OF THE ADVANCED BIOINSTRUMENTATION PROGRAMS IS TO
DEVELOP AND TEST BIOINSTRUMENTATION TECHNIQUES WHICH APPEAR MOST
PROMISING FROM THE STANDPOINT OF (1) PROVIDING A UNIQUELY SPACE
APPLICABLE TECHNIQUE ADAPTED FROM GROUND BASED TECHNOLOGY TO (2) A
BASIC ADVANCE IN THE STATE-OF-THE-ART FROM BIOINSTRUMENTATION ON
EARTH AS WELL AS SPACE.
RTOP NO. 910-53-50 TITLE: HABITABILITY FUNCTIONAL MOCKUP EVALUATION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: LOUVIERE, A. J. TEL. 713-483-4966
TECHNICAL SUMMARY
TO DESIGN, DEVELOP AND FABRICATE PROTOTYPE HARDWARE FOR A
GALLEY/WARDROOM COMPARTMENT INCLUDING HYGENIC PROVISIONS. THE DESIGN
SHALL INCLUDE: ALL AREA FURNISHINGS; ARCHITECTURAL CONSIDERATIONS
FOR VOLUME, ARRANGEMENT, ORIENTATION AND AESTHETICS; ENVIRONMENTAL
DESIGN FOR LIGHTING v ACOUSTICS, COLOR. TEMPERATURE AND GRAVITY
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LEVELS; AND THE ACCEPTANCE OF ALL ELECTRICAL OR MECHANICAL EQUIPMENT
INSTALLATIONS.THE DESIGN WILL ALSO REFLECT ANALYSIS OF MOBILITY AND
RESTRAINT AIDS, FOOD AND HYGIENE SYSTEM DEVELOPMENT, AND HOUSEKEEPING
TECHNIQUES. THE RESULTANT PROTOTYPE COMPARTMENTS WILL BE TESTED
UNDER EARTH CONDITIONS FOR FEASIBILITY AND POTENTIAL PROBLEM AREAS.
UTILIZING SPECIFICATIONS AND DRAWINGS PROVIDED BY FY71 FUNDED
STQDIES, FABRICATE HOUSEKEEPING E~UIPMENT IN THE FORM OF WASTE
SHREDDER, COMPACTOR, WASTE CONTAINER AND VACUUM CLEANER FOR
TERRESTRIAL TESTING AND EVALUATION. EQUIPMENT WILL ALSO BE USED FOR
IN-HOUSE MSC MANNED TEST PROGRAMS SUCH AS A SIMULATED SPACE STATION
TEST. WORKING FROM CONCEPTS PROVIDED BY MSC, DESIGN AND FABRICATE A
CARGO LOCKER SrORAGE SYSTEM FOR SUBSEQUENT FEASIBILITY TESTING AT MSC
AND LANGLEY RESEARCH CENTER. THIS HARDWARE DEVELOPMENT AND TESTING
PROGRAM· IS AIMED AT REDUCING THE CARGO LOADING, UNLOADING AND
TRANSFER PROBLEMS ASSOCIATED WITH SHUTTLE LOGISTICS FLIGHTS. CARGO
LOCKER, LOCKIN3 MECHANISMS AND RACK DESIGN, CONSTRUCTION, AND
INSTALLATION WILL BE INVOLVED IN THE DESIGN AND FABRICATION.
RTOP NO. 970-62-20 TITLE: FOOD, ATMOSPHERE, WATER AND WASTE
MA NAGEMENT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: HOPSON, G. D. TEL. 205-453-3832
TECHNICAL SUMMARY
THE PURPOSE OF THIS RTOP IS TO PROVIDE THE TECHNOLOGY FOR SPACE
APPLICATION NECESSARY TO ASSURE PROPER CONTROL OF HUMAN WASTES,
ATMOSPHERE TEMPERATURE AND C02 LEVELS, RECOVERY OF POTABLE WATER AND
RELIABLE AND L~NG LIVED MECHANICAL COMPONENTS FOR THE ABOVE SYSTEMS.
INHOUSE PROFESSI~NAL MANPOWER TO SUPPORT THIS PROGRAM IN FY 72 IS
APPROXIMATELY THREE MEN. NOMINAL DURATION OF THE CONTRACTS IN THESE
TASKS WILL BE ONE YEAR.
RTOP NO. 970-63-10 TITLE: REQUIREMENTS FOR WORK PERFORMANCE DESIGN
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: LEW IS 01' c. S. TEL. 205-453- 3 74 3
TECHNICAL SUMMARY
TO MAXIMIZE HUMAN PERFORMANCE, TWO MAJOR EFFORTS SHOULD BE
UNDERTAKEN; I.E., THE DEFINITION OF LABORATORY WORKSTATION
REQUIREMENTS TJ MAXIMIZE THE PRODUCTIVITY OF THE SCIENTIFIC
RESEARCHER AND A CORRELATED SET OF EXPERIMENTS DEDICATED TO A
COMPREHENSIVE EXAMINATION OF MAN/SYSTEM PE~FORMANCE CAPABILITIES.
FUNCTIONAL PERFORMANCE REQUIREMENTS WILL BE DEVELOPED THROUGH TASK
ANALYSES PERFORMED ON RESEARCH AND APPLICATION EXPERIMENTS FROM THE
BLUE BOOK, WITH PRIORITY ASSIGNED TO THE FOLLOWING: LIFE SCIENCES,
EARTH RESOURCES, ASTRONOMY, SPACE PHYSICS, AND MATERIALS PROCESSING.
REQUIREMENTS ALLOCATION WILL BE GENERATED WHICH WILL BE EXPANDED INTO
WORK STATION DESIGN REQUIREMENTS AND GUIDELINES AND CONSTRAINTS~
EXPERIMENT SUPPORT REQUIREMENTS WILL BE SEPARATED INTO "INTEGRALI1 OR
"CARRY-ON" EQUIPMENT,. TAKING INTO CONSIDERATION THE TOTAL SYSTEM
REQUIREMENTS FJR EXPERIMENT ACCOMMODATION.WORKSTATION CONCEPTS WILL
BE DEVELOPED WHICH INCORPORATE COMMON EQUIPMENT AND PROVIDE
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INTERFACES POR CARRY-ON EQUIPMENT SO AS TO ALLOW TO THE MAXIMUM
EXTENT PRACTICABLE STaNDARD EARTH-BASED LABORATORY TECHNIQUES.
REQUIREMENTS WILL BE COMPARED WITH EXISTING TECHNOLOGY AND AVAILABLE
HARDWARE CONCEPTS FROM CURRENT AND PAST PROGRAMS TO IDENTIFY AREAS
WHERE ADDITIONAL TECHNOLOGY IS REQUIRED. MOCKUPS WILL BE CONSTRUCTED
OF DEVELOPED CJNCEPTS AND SIMULATIONS WILL BE CONDUCTED TO VERIFY
BOTH THE CONCEPTS AND THE CRITERIA. IN THE ASSESSMENT OF MAN'S WORK
PERFORMANCE IN ZERO AND PARTIAL GRAVITY, OBJECTIVE ESTIMATES OF
OBSERVED CHANGES ARE UNAVAILABLE. EXPERIMENTS WILL BE CONDUCTED
DEDICATED TO A COMPREHENSIVE EXAMINATION OF THE MAN-SYSTEM
PERFORMANCE CAPABILITIES IN ZERO "G"g
RTOP NO. 970-63-20 TITLE: TELEOPERATOR CONTROL AND MANIPULATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: JOHNSON, W. G. TEL. 205-453-1115
TECHNICAL SUMMARY
TO DEVELOP THE COMPONENT AND INTEGRATED SYSTEM TECHNOLOGY
REQUIRED FOR THE UTILIZATION OF TELEOPERATORS IN SPACE SHUTTLE
PAYLOAD, ORBITING STATION, AND SURFACE EXPLORATION MISSIONS. THROUGH
IN-HOUSE AND C)NTRACTED STUDIES, AND STATE OF THE ART SURVEYS,
ESTABLISH THE FUNCTIONAL AND PERFORMANCE REQUIREMENTS FOR
TELEOPERATORS PROPOSED FOR SPACE SHUTTLE PAYLOAD MISSIONS. THROUGH
IN-HOUSE AND C)NTRACTED EFFORTS PERFORM SIMULATIONS TO ESTABLISH
SYSTEM AND SUBSYSTEM PARAMETERS g DESIGN AND OPERATIONAL CRITERIA AND
METHODS, AND FJR THE EVALUATION OF EXISTING HARDWARE. CONDUCT
FEASIBILITY STUDIES AND TECHNICAL INVESTIGATIONS TO THE SUBSYSTEM
LEVEL IN: ADVANCED MANIPULATOR AND END EFFECTOR CONCEPTS; VISUAL
SENSORS AND DISPLAYS FOR MANIPULATION AND MOBILITY UNITS; MOBILITY
UNIT REMOTE NAVIGATION AND CONTROL~ HUMAN ENGINEERING AND MAN-MACHINE
INTEGRATION; AND SYSTEM ANALYSIS AND DEFINITION. BOTH IN-HOUSE AND
CONTRACTED EFF)RTS WILL BE UTILIZED. PERFORM PRELIMINARY DESIGN OF
AN ENGINEERING MODEL OF A MANlfULATOR SYSTEM. IT WILL CONSIST OF
MANIPULATORS, VISUAL SENSORS, COMMUNICATIONS, AND REMOTE CONTROL
STATION. FINAL DESIGN AND FABRICATION WILL BE EITHER IN-HOUSE OR
CONTRACTED. IT WILL BE FULLY EVALUATED AS A SUBSYSTEM AND FURTHER AS
AN INTEGRAL PART OF A SYSTEM CONSISTING OF THE MANIPULATOR AND A
GUIDANCE, NAVI3ATION, AND CONTROL TEST VEHICLE. THROUGH IN-HOUSE AND
CONTRACTED EFFORTS CONDUCT PHASED MISSION FEASIBILITY AND DEFINITION
STUDIES FOR SPACE SHUTTLE PAYLOADS.
RTOP NO. 970-63-50 TITLE: MAN/SYSTEM INTEGRATION CRITERIA -
DEVELOPMENT AND EVALUATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: WATTERS, H. H. TEL. 205-453-3748
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PLAN IS TO CONTINUE AND CONSOLIDATE THE
DEVELOPMENT, VERIFICATION AND APPLICATION OF MAN/SYSTEM INTEGRATION
CRITERIA RESULrING FROM RECENT EMPIRICAL STUDIES OF THE LARC 90-DAY
CHAMBER TESr AND PROJECT TEKTITE II. MSFC WILL WORK IN THE FOLLOWING
AREAS: {1} VERIFICATION OF HAEITABILITY GUIDELINES AND CRITERIA, (2)
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MAN/SYSTEM PERFORMANCE ASSESSMENT, AND {3} MAINTAINABILITY
ASSESSMENTeTHESE RESEARCH PROGRAMS WILL UTILIZE AND HELP DEFINE A
MANNED SYSTEMS SIMULATOR CURRENTLY UNDER DEVELOPMENT AT MARSHALL
SPACE FLIGHT CENTER. THIS SIMULATOR, SIZED TO BE COMPATIBLE WITH
EVENTUAL SPACE SHUTTLE CAPABILITIES, WILL BE DESIGNED TO ACCOMMODATE
SIX MEN WITHOUr F.ESUPPI,Y FOR 30 DAYS. PLANS CALL FOR INCORPORATION
OF AN EXPERIMENT.AREA (OR GENERAL PURPOSE LAB) AS WELL AS CREW
QUARTERS. SIMULATOR DESIGN WILL STRESS FLEXIBILITY TO PERMIT RESULTS
OF MAN/SYSTEM TESTING TO BE ITERATIVELY EVALUATED. SIMULATOR
DEVELOPMENT COSTS ARE NOT A PAPT OF THIS .PTOP EXCEPT FOR THOSE
HARDWARE COSTS DIRECTLY AND UNIQUELY SUPPORTIVE OF THE TASKS RELATED
TO THIS RTOP.
RTOP NO. 970-11-61 TITLE: REGULATORY BIOLOGY
ORGANIZATION: WALLOPS STATION
MONITOR: ffOLTON, E. M. TEL. 703-824-3411
TECHNICAL SUMMARY
TO UNDERSTAND THE BIOCHEMICAL AND PHYSIOLOGIC MECHANISMS
ASSOCIATED WITH THERMOREGULATION AND THE RESPONSE OF LIVING SYSTEMS
TO A RANGE OF ENVIRONMENTAL TEMPERATURES. THE PRINCIPLE OF DEPRESSED
METABOLISM WILL BE EXPLORED AS A POTENTIAL SIMULATOR OF
WEIGHTLESSNESS, AN ANTAGONIST TO RADIATION-INDUCED DAMAGE AND THE
UNDERSTANDING ~F THE MECHANISMS OF DELAYED METABOLISM WHICH ALLOW
INJURY REPAIR PROCESSES TO AVOID UNTOWARD EFFECTS. DIFFERENCES IN
FUNCTION WILL BE ESTABLISHED BETWEEN RAPIDLY METABOLIZING SYSTEMS AND
THOSE MORE MATURE AND METABOLICALLY STABLE. REGULATORY, INTERMEDIARY
PATHWAYS ARE BEING ESTABLISHED.
RTOP NO. 970-83-20 TITLE: ADVANCED TELEOPERATOR SYSTEMS REQUIREMENTS
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: HEER, E. TEL. 213-354-3060
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO IDENTIFY AND DEVELOP THE
REQUIREMENTS FJR MAN IN THE USE OF TELEOPERATORS/ROBOTS FOR SPACE
EXPLORATIONS WHERE MAN IS LOCATED AT A REMOTE CONTROL STATION. THIS
WORK WILL GIVE INSIGHT INTO THE FUNCTIONS TO BE ALLOCATED BETWEEN MAN
AND MACHINE FOR REMOTE OPERATIONS ON LUNAR AND PLANETARY SURFACES.
(1) THE TECHNOL OGY RE QUIREMENTS WILL BEIDENTIFIE D AND DEVELOPED FOR
DISPLAYS~ CONTROLS, COMMUNICATIONS AND ARTIFICIAL INTELLIGENCE FOR
PLANETARY EXPLORA TION S USING TELEOPERATORS/ROBOTS. (2) AN AL YTIC AL
STUDIES AND LABORATORY EXPERIMENTS WILL BE PERFORMED TO DEFINE THE
PERFORMANCE REQUIREMENTS FOR MAN IN LUNAR AND PLANETARY EXPLORATION
USING TELEOPERATOR/ROBOT SYSTEMS WHERE MAN IS LOCATED AT A DISTANT
SITE. OPTIMUM FUNCTION ALLOCATIONS BETWEEN MAN AND MACHINE WILL BE
ESTA BLISHED FOR DIFFERENT COrH1UNICATION TIME DELli. Y REQUIREMEN TS. (3)
SIMULATED AUTOMATED ROVER CONTROL AND NAVIGATION STUDIES WILL BE
PERFORMED WHERE MAN IS CONTROLLING FROM AN EARTH BASE. THIS WORK
WILL BE COORDINATED WITH RELATED EFFORTS AT LARC AND MSFC.
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RTOP NO. 975-03-04 TITLE: ADVANCED FORMING AND PROCESSING
ORG~NIZATION: LEWIS RESEARCH CENTER
MONITOR: LAD, R. A. TELa 216-433-6601
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO EXPLORE THE POTENTIAL OF
EARTH ORBITAL SPACE IN THE MANUFACTURE OF NEW MATERIALS. TECHNIQUES
WILL BE DEVELOPED FOR THE PREPARATION OF ULTRAPURE METALS UNDER SPACE
VACUUM AND LOW GRAVITY CONDITICNS. METHODS WILL BE EXAMINED FOR THE
PREPARATION OF POROUS BODIES WHICH WOULD HAVE APPLICATION AS
CATALYSTS FOR SUCH PURPOSES AS WATER PURIFICATION AND PETROCHEMISTRY.
FULLY DENSE BODIES WILL BE PREPARED WHICH CAN BE EXPECTED TO HAVE
ENTIRELY NEW PROPERTIES. CONSOLIDATION ~ETHODS WILL INCLUDE COLD
PRESSING AND SLIP CASTING.
RTOP NO. 975-79-03 TITLE: PHYSICS AND CHEMISTRY OF SOLIDS
(SUPERFI,UID HELIUI1)
ORGANIZATION: JET PROPULSION LABORATORY
MONITOR: LUCAS, J. W. TEL. 213-354-4530
TECHNICAL SUMMARY
TO PERFORM BASIC RESEARCH IN THE PHYSICS OF SOLIDS AND LIQUIDS,
ASUPERFLUID HELIUM EXPERIMENT WILL BE DEFINED TO BE PERFORMED IN AN
EARTH ORBITING LABORATORY, AND TO BE USED TO STUDY THE UNUSUAL
PROPERTIES OF SUPERFLUID DROPS. THIS EXPERIMENT - THE FIRST TO
OBSERVE THE HYDRODYNAMICS OF SUPERFLUID HELIUM IN THE ABSENCE OF
CONSTRAINING W~LLS - WILL HELP ANSWER THE QUESTION: WHAT ROLE DO
SUCH WALLS PLAY IN THE MANY AND VARIED PHENOMENA THAT HAVE BEEN
OBSERVED IN SUPERFLUID HELIUM IN THE LAST THIRTY YEARS? THE
PHENOMENON OF SUPERCONDUCTIVITY ALSO ENTERS THE EXPERIMENT: THE ARRAY
OF MAGNETIC VORTICES IN A SOLID SPHERE OF HARD SUPERCONDUCTOR SHOULD
MODEL THE ARRAY OF VORTICES IN A SPHERICAL DROP OF SUPERFLUID HELIUM
SO THAT KNOWLEDGE OF ONE APRAY COULD SHED LIGHT ON THE OTHER.
SUPERCONDUCTIVITY ENTERS ANOTHER WAY. IN THE EXPERIMENT g THE
VORTICES WITHIN THE DROP WILL BE GENERATED BY THE NOVEL USE OF SMALL
SUPERCONDUCTING SPHERES. THESE ARE SUSPENDED WITHIN THE DROP AND
MADE TO ROTATE BY AN IMPOSED MAGNETIC FIELD. THIS EFFECT MAY ITSELF
HAVE AN APPLICATION INDICATING THAT A SMALL SUPERCONDUCTING SPHERE
CAN DETECT A MAGNETIC FIELD. TECHNIQUES TO BE DEVELOPED IN THE
DESIGN AND PERFORMANCE OF THE EARTH-ORBITING EXPERIMENT FOR HANDLING,
AND EVEN MANUFACTURING, SUPEPFLUID HELIUM IN SPACE WILL BE USEFUL FOR
FUTURE SPACE MISSIONS. THP USE ON FUTURE MISSIONS OF: A) LARGE
SUPERCONDUCTING MAGNETS NEEDED TO MEASURE ENERGETIC PARTICLES, B)
JOSEPHSON JUNCrIONS TO MEASURE SMALL MAGNETIC FIELDS, AND C) COOLED
DETECTORS TO MEASURE LOW FREQUENCY RADIATION, ALL WILL REQUIRE USE OF
LIQUID HELIUM. SUPERFLUTD HELIUM, UNLIKE ORDINARY LIQUIDS, WILL NOT
BOIL - IT IS A "QUIET" LIQUID - AND MOREOVER IS A HEAT CONDUCTOR A
THOUSAND TIMES BETTER THAN COFPER. A
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ALTITUDE PAnTICLE PHYSICS EXPERIMENT
CENTER
TEL. 713-483-5171
RTOP NO. 975-79-03 TITLE: OREITAL FATIGUE EXPERIMENT
ORGANIZATION: LANGLEY RESEARCH CENTER!
MONtTOR: DAVIDSON w J. R. TEL. 703-827-3012
TECHNICAL SUMMARY
THE DEVELOPMENT OF LONG-LIVED SPACE VEHICLES REQUIRES KNOWLEDGE
OF JHE FATIGUE BEHAVIOR OF ENGINEERING MATERIALS IN THE SPACE
ENVIRONMENT. D~TA FROM EARTH-ECUND TESTS IN SIMULATED ENVIRONMENTS
MUST BE CORRELATED WITH DATA OBTAINED IN ORBIT. THE CAPABILITY FOR
CONDUCTING FATIGUE TESTS IN ORBIT WILL BE DEVELOPED IN THREE PHASES.
SPECIMEN GEOMETRY AND SIZE WILL BE DETERMINED IN PHASE I. A FATIGUE
TESTING MACHINE WILL BE DESIGNED IN PHASE II. ONE PROTOTYPE MACHINE
WILL BE CONSTRUCTED AND TESTED IN ~ HARD VACUUM IN GROUND FACILITIES
IN PHASE III. )PERATION IN OREIT WILL BE ACCOMPLISHED WHEN A VEHICLE
IS AVAILABLE.
RTOP NO. 975~84-46 TITLE: HIGH
ORGANIZATION:- MANNED SPACECRAFT
MONITOR: KURZ, R. J.
TECHNICAL SUMMARY
HIGH ENERGY COSMIC RAY PHYSICS EXPERIMENTS WILL BE PERFORMED ON
HIGH-ALTITUDE BALLOON FLIGHTS OF EXPERIMENT PAYLOADS INCORPORATING A
SUPERCONDUCTING MAGNETIC SPECTROMETER. THE BALLOON-BORNE EXPERIMENTS
WILL YIELD SIGNIFICANT NEW DATA ON THE COSMIC RADIATION AND ESSENTIAL
FLIGHT EXPERIENCE WITH TECHNIQUES AND INSTRUMENTATION THAT ARE
FORERUNNERS OF THOSE PROPOSED FOR FUTURE EARTH ORBITAL MISSIONS (BOTH
MANNED AND UNMANNED). THESE ACTIVITIES-WILL MAKE VITAL CONTRIBUTIONS
TO SPACE STATI)N AND SPACE SHUTTLE EXPERIMENT DEFINITION AND
DEVELOPMENT, ESPECIALLY IN THE AREA OF EXPERIMENTS INVOLVING
SUPERCONDVCTING MAGNETIC SPECTROMETERS.
RTOP NO. 976-30-01 TITLE: SPACE SHUTTLE STRUCTURAL DESIGN CRITERIA
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER .
MONITOR: . KEY, J. E. TEL. 205-453-4349
TECHNICAL SUMMARY
DESIGN CRIrERIA WERE DEVELOPED DURING PHASE A OF THE SHUTTLE
DEVELOPMENT STUDIES; HOWEVER, THESE DESIGN CRITERIA WERE VERY GENERAL
AND DID NOT CONTAIN DETAILS THAT APPLY TO SPECIFIC CONFIGURATIONS OR
MISSIONS. ADDITIONAL CRITERIA WILL BE DEVELOPED FOR THE
CONFIGURATIONS AND MISSIONS SEIECTED DURING THE PHASE B STUDIES. IN
ADDITION v STRUCTURAL CRITERIA PROBLEM AREAS IDENTIFIED IN THE PHASE A
AND PHASE B EFFORTS WILL RE STUDIED IN DEPTH TO DETERMINE THE
REQUIRED YIELD, PROOF, AND ULTIMATE FACTORS FOR STRUCTURES AND
PROPELLANT TANKS, DETERMINE METHODS OF COMBINING LOADS AND
ENVIRONMENTAL :ONDITIONS, AND DETERMINE THE FAIL-SAFE APPROACH FOR
STRUCTURES. THIS RTOP IS A CONTINUATION OF THE EFFORT INITIATED IN
RTOP'S 908-52-01 AND 976-30-61. FY 12 FUNDS OF $300K AND A MANPOWER
LEVEL OF .6 MANYEARS ARE REQUIRED TO CONTINUE THIS EFFORT.
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PROPULSIONTITLE: SPACE SHUTTLE AUXILIARY
SUBSYSTEM
SPACE FLIGHT CENTER
TEL. 205-453-3845
RTOP NO. 976-30-04
ORGANIZATION: MARSHALL
MONITOR:
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS THE ESTABLISHMENT OFTHE TECHNOLOGY
BASE COMPLEMENrARY OF THAT BEINGDEVELOPED UNDER RTOP 731-13-48 AND
THE MANNEDSPACE FLIGHT CENTER AUXILIARY PROPULSION SYSTEMTECHNOLOGY
PROGRAM. THE FY72 EFFORT 'VlILL CONTINUETHE LIQUID HYDROGEN (LH2) AND
LIQUID OXYGEN (L02)TURBOPUMP ASSEMBLIES (TPA) TECHNOLOGY
DEVELOPMENT. CONCEPT SCREENING w DETAIL DESIGN~ FABRICATION,TESTING,
HARDWARE DELIVERIES AND TECHNICAL SUPPORTFOR NASA INHOUSE APS TESTING
WILL BE PROVIDED BYINDUSTRY UNDER MSFC CONTRACT. ADVANCEDDEVELOPMENT
WILL PROVIDE AN EARLY IDENTIFICATIONAND SOLUTION OF POTENTIAL
CRITICAL TPA PROBLEMAREAS.
RTOP NO. 976-30-04 TITLE: ATTITUDE CONTROL PROPULSION
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: POHL v Ho O. TELa 713-483-4971
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO IMPROVE THE REACTION CONTROL
SYSTEM (RCS) DEVELOPMENT POSTURE FOR THE SPACE SHUTTLE BY ACQUIRING
COMPONENT DESIGN AND OPERATING DATA WHICH WILL SUPPORT AND BE
DIRECTLY APPLICABLE TO THE PHASE C AND EARLY PHASE D MAINSTREAM
VEHICLE EFFORTS. THE PROGRAMS TO BE ACCOMPLISHED UNDER THIS RTOP
WILL BE FOCUSED ON THE ANALYSIS g DESIGN e DEVELOPMENT AND FABRICATION
OF REALISTIC AND REPRESENTATIVE PROPELLANT CONDITIONING COMPONENTS
FOR A HIGH PRESSURE OXYGEN-HyrROGEN Res BREADBOARD TEST SYSTEM.
SPECIFIC PROGRAMS WILL BE INITIATED TO DEVELOP GAS
GENERATOR/TURBJPUMP ASSEMBLIES v AND GAS GENERATOR/HEAT EXCHANGER
ASSEMBLIES FOR BOTH OXYGEN AND HYDROGEN BASED UPON BEST CURRENT
JUDGMENTS OF SHUTTLE RCS REQUIREMENTS. PROGRAMS WILL BE INITIATED TO
DEVELOP PRESSURE REGULATORS AND MASS FLOW REGULATORS FOR BO~H
HYDROGEN AND OXYGEN. A PROGRAM WILL ALSO BE INITIATED TO STUDY
OV~RALL PROPELLANT CONDITIONING SYSTEM CONTROLS, ES2ECIALLY AS THEY
RELATE TO CONTROL OF THE GAS GENERATORS. TO CONSOLIDATE THESE
HARDWARE DEVELJPMENT AND FABRICATION PROGRAMS, A PROGRAM WILL BE
UNDERTAKEN TO DESIGN AND BUILD UP A BREADBOARD TEST SYSTEM AT MSC IN
WHICH THE PROPELLANT CONDITIONING ASSEMBLY COMPONENTS CAN BE OPERATED
AND EVALUATED IN A SEPARATE CCMPONENT OR COMPLETE ASSEMBLY BASIS.
THE DATA AND INFORMATION FROM THESE SIX PROGRAMS WILL PERMIT EARLY
IDENTIFICATION AND CONSIDERATION OF COMPONENT AND SYSTEM DESIGN
PROBLEMS BY NASA AND THE PRIME VEHICLE CONTRACTOR, AND WILL INSURE
THAT ASSIGNED )R IMPLIED COMPONENT AND SYSTEM FUNCTIONAL REQUIREMENTS
ARE CONSISTENT WITH REALISTICALLY ACHIEVABLE GOALS.
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SHUTTLE AEROTHERMODYNAMICS
CENTER
TEL. 713-483-2237
RTOP NO. 976-30-05 TITLE: SPACE SHUTTLE - ELECTRICAL POWER - MARK I
FUEl CELL DEVELOPMENT
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: RICE, W. E. TEL. 713-483-5273
TECHNICAL SUMMARY
THIS EFFORT REPRESENTS A 12-MONTH CONTINUATION OF EXISTING
CONTRACTS WITH PRATT AND WHITNEY AIRCRAFT (NAS 9-11034) AND GENERAL
ELECTRIC COMPANY (NAS 9-11033) WITH THE OBJECTIVE OF ADVANCING THE
TECHNOLOGY OF THE BASIC ELECTROLYTE FUEL CELL AND ACID FUEL CELL
RESPECTIVELY. PRIMARY OBJECTIVES OF BOTH PROGRAMS ARE TO IDENTIFY THE
PROBLEMS AND F)RMULATE THE SOLUTIONS REQUIRED TO DESIGN AND FABRICATE
A FUEL CELL HAVING A LIFE CAPABILITY OF 5000 HOURS. THE APPROACH
UTILIZED IN ACHIEVING THESE OBJECTIVES IS TO DEFINE A LOGICAL
TECHNICAL EXTENSION OF THE PRESENT (FY71) EFFORT, A 2000-HR.
OBJECTIVE. WHICH CONCENTRATES ON THE SPECIFIC LIMITING AREAS
IDENTIFIED IN THE PREVIOUS PROGRAM. THE SPECIFIC TECHNICAL TASKS ARE
FURTHER DIRECTED TOWARD DIRECT SUPPORT OF THE SPACE SHUTTLE
REQUIREMENTS BY MAINTAINING AN ACTIVE LIAISON EFFORT BETWEEN THE FUEL
CELL CONTRACTOR AND THE PRIME SHUTTLE CONTRACT~R.
RTOP NO. 976-30-38 TITLE: MATERIALS
ORGANIZATION: MANNED SPACECRAFT CENTER
MONITOR: SMITH, J. A. TEL. 713-483-3676
TECHNICAL SUMMARY
INVESTIGATE THE UTILITY OF METAL MATRIX COMPOSITES FOR EXTERNAL
USE ON THE SPACE SHUTTLE SUCH AS SKIN PANELS TO 800 F AND POLYMER
MATRIX COMPOSITES TO 600 F. DATA CONCERNING STRENGTH, STIFFNESS,
THERMAL CYCLIN~ CAPABILITY. AND STABILITY WILL BE GENERATED.
INVESTIGATE THE FEASIBILITY OF DIE-LESS PRODUCTION FOR LARGE METAL
MATRIX PANELs.rHE SURFACE INSULATION CLASS OF MATERIAL SHOWS PROMISE
OF MEETING THE THERMAL PROTECTION SYSTEM REQUIREMENTS FOR LARGE AREAS
OF THE SPACE SHUTTLE ORBITER AND BOOSTER. UNDER THIS RTOP.
FULL-SCALE PRODUCTION CAPABILITY OF AN OPTIMIZED SURFACE INSULATION
MATERIAL WILL BE INITIATED AND DESIGN VERIFICATION TESTS ON
FULL-SCALE TPS COMPONENTS WILl BE CONDUCTED. THE RESULTS OF THIS
PROGRAM PHASE WILL LEAD TO SELECTION OF AN OPTIMIZED THERMAL
PROTECTION SYSrEM FOR THE SHUTTLE PROGRAM. OXIDATION RESISTANT
REINFORCED CARBON MATERIAL OFFER A WEIGHT COMPETITIVE SOLUTION AS A
MULTIMISSION THERMAL PROTECTIVE SYSTEM FOR TEMPERATURES ABOVE 2000 F.
TO INCREASE CONFIDENCE IN THIS THERMAL PROTECTION CONCEPT.
FULL-SCALE STRUCTURAL DESIGNS WILL BE DEVELOPED AND VERIFICATION
TESTS PERFORMED. DESIGN CONCEPTS WILL BE REFINED BY CONCENTRATION ON
MINIMIZING STRUCTURAL WEIGHT, INDUCED STRESSES, EASE OF
MANUFACTURING. ATTACHMENT METHODS, AND COST EFFECTIVENESS.
RTOP NO. 976-30-39 TITLE: SPACE
ORGANIZATION: MANNED SPACECRAFT
MONITOR: GONZALEZ. R. G.
TECHNICAL SUMMARY
THIS EFFORr IS DESIGNED TO PROVIDE CURRENT STATE-OF-THE-ART THE
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TECHNOLOGY STUDIES IN SUPPORT OF THE ENGINEERING DESIGN,ANALYSIS ON
THE SPACE SHUTTLE VEHICLES. IT INCLUDES ANALYTICAL STUDIES AND
EXPERIMENTAL TESTING AS NECESSARY TO ANALYZE VEHICLE
AEROTHERMODYNAMIC CHARACTERISTICS AND TO ACCURATELY DEFINE
PERFORMANCE CAPABILITIES. STUDIES WILL BE PERFORMED TO INVESTIGATE
AND EVALUATE THE MUTUAL AERODYNAMIC INFLUENCE OF THE ORBITER/BOOSTER
AERODYNAMICS ON THE TOTAL LAUNCH VEHICLE. STUDIES WILL BE PERFORMED
TO EVALUATE THE FLIGHT CONTROL DYNAMIC RESPONSE CHARACTERISTICS OF
THE SHUTTLE VEHICLES DUPING HIGH ANGLE OF ATTACH ATTITUDE TRANSITION
MANEUVERS. STUDIES WILL ALSO BE PERFORMED TO PARAMETRICALLY
INVESTIGATE AND EVALUATE THE EFFECTS OF STRUCTURAL ELASTICITY ON THE
STATIC AND DYN~MIC LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS
OF THE SPACE SHUTTLE VEHICLES.
RTOP NO. 976-30-40 TITLE: SPACE SHUTTLE DYNAMICS AND AEROELASTICITY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: COONS, H. J. TELa 205-453-1124
TECHNICAL SUMM~RY
THIS PTOP GPDATES AND SUPERSEDES RTOP 908-52-40 DYNAMICS AND
AEROELASTICITY AND 976-30-40 SYNTHESIS OF SHUTTLE DYNAMICS UTILIZING
SUBSTRUCTURE TESTING. THIS R10P WILL PROVIDE THE TECHNOLOGICAL BASIS
IN THE ~REA OF DYNAMICS AND AEROELASTICITY FOR THE DEVELOPMENT OF NEW
AND/OR IMPROVED ANALYSIS TECHNIQUES AND TEST METHODS APPROPRIATE TO
SPACE SHUTTLE. PARTICULAR EMPHASIS WILL BE PLACED ON TECHNOLOGY
IMPROVEMENTS NEEDED BECAUSE OF UNIQUE SHUTTLE MISSION REQUIREMENTS
AND ENVIRONMENrS g THE EXTREME WEIGHT CRITICALITYgTHE UNIQUE CONTROL
REQUIREMENTS g AND THE SENSITIVITY OF VEHICLE WEIGHT TO THE INDUCED
ENVIRONMENTS. THIS RTOP PROVIDES THE TECHNOLOGICAL BASIS FOR
IMPROVEMENT AND DEVELOPMENT OF ANALYTICAL AND TEST TECHNIQUES
REQUIRED TO SOLVE CRITICAL PROBLEMS IN THE FOLLOWING DISCIPLINE
AREAS; BUFFET, FLUTTER, LIQUID BEHAVIOR g VEHICLE DYNAMICS AND
RESPONSE, NOISE AND VIBR~TION AND GROUND WINDS. FY-72 FUNDS OF
$1 g 800K ARE RE~UESTED TO ACCOMPLISH THIS PROGRAM WITH A MANPOWER
REQUIREMENT OF 11.0 MAN-YEARS.
RTOP NO. 976-30-43 TITLE: SPACE SHUTTLE MISSION SIMULATION TESTS
ORGANIZATION: M1RSHALL. SPACE FLIGHT CENTER
MONITOR: ENGLER g E. E. TELa 205-453-3958
TECHNICAL SU~M&RY
THIS STUDY WILL DEVELOP OPTIMUM STRUCTURAL SYSTEMS g PRIMARILY
THERMAL PROTECrION SYSTEMS, FOR VARIOUS TEMPERATURE REGIMES FOR THE
SPACE SHUTTLE VEHICLEe THE PRCGRAM OBJECTIVES ARE: TO ESTABLISH
DESIGN, FABRICATION, INSPECTION TECHNIQUES, AND HARDWARE EXPERIENCE
NECESSARY TO MINIMIZE DEVELOPMENT RISKS~ TO PROVIDE SOUND THERMAL
PROTECTION SYSTEM (TPS)/PRIMARY LOAD~CARRYING STRUCTURE
RECOMMENDATIONS; TO PROVIDE REALISTIC STRUCTURAL WEIGHT AND COST
DATA; TO DEMONSTRATE THE VALIDITY OF DESIGN AND ANALYSIS METHODS,
FABRICATION MErHODS, INSPECTION METHODS u REFURBISHMENT METHODS; AND
REUSABILITY. THE APPROACH WILL INCLUDE STUDIES, INVESTIGATIONS, AND
MISSION SIMULArION TESTS ON COMPONENTS AND LARGE STRUCTURAL TEST
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ITEMS OF MAJOR. STRUCTURAL PORTIONS OF A TYPICAL SPACE SHUTTLE
VEHICLEc THERMAL/ACOUSTIC TEST PANELS OF A DESIGN SIMILAR TO THE
LARGE TEST ITEM DESIGNS WILL BE DESIGNED v FABRICATED, AND TESTED.
THE LARGE TEST ITEMS WILL INCLUDE: TEST ITEM NO. 1~ BOOSTER SECTION;
AND TEST ITEM NO.2, ORBITER SECTION. CONTRACTED AND IN-HOUSE
TEQRNOLOGY INVESTIGATIONS WILL BE PERFORMED IN THE AREA OF STRUCTURAL
DESIGN AND ANALYSIS, THERMAL ENGINEERING, MATERIAL EVALUATION,
FABRICATION, AND QUALITY ASSURANCE. TH~ PROGRAM WAS INITIATED IN FY
1970 AND WILL EXTEND THROUGH FY 1975. MANPOWER REQUIREMENTS AVERAGE
ABOUT 41 MANYEARS PER YEAR.
RTOP NO. 976-30-43 TITLE: SPACE. SHUTTLE THERMAL PROTECTION SYSTEM
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: KING~ H. N. TEL~ 205-453-1127
TECHNICAL SUMMARY
THIS EFFORT WILL SELECT OR DEVELOP AND EVALUATE OPTIMUM
INSULATION MATERIALS FOR USE UNDER THE RERADIATIVE PANELS OF A
SHUTTLE THERMAL PROTECTION SYSTEM. THE INVESTIGATIONS WILL INCLUDE
PANEL INSULATIJNS v WITH APPROPRIATE PACKAGING OR CONFIGURATION FOR
REQUIRED HANDLING~ INSTALLATION AND MOISTURE RESISTANCE, AND LOAD
BEARING INSULATIONS TO TRANSMIT MECHANICAL LOADS FROM THE PANEL TO
PRIMARY STRUCTURE WITH MINIMUM HEAT LEAK. THE EVALUATION SHALL
.PROVIDE DATA F8R DESIGN PURPOSES AND Foa ASSESSMENT OF THE RELIABLE
REUSE LIFETIME UNDER SHUTTLE OPERATING BNVIRONMENTS. ACTIVE AND
PASSIVE STRuc~ruRAL COOLING SYSTEMS CONCEPTS AND SYSTEM DESIGNS WILL
BE DEVELOPED TO I~CLUDE WEIGHT~ COST, RELIABILITY, AND REDUNDANCY.
CONCEPTS TO BE STUDIED ARE ACTIVE COOLING, HEAT SINK, HEAT PIPE, AND
PHASE CHANGE MATERIAL AND PASSIVE SYSTEMS.
RTOP NO. 976-52-39 TITLE: SPACE SHUTTLE AEROTHERMODYNAMIC DATA
MANAGEMENT (SADS~C)
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER
MONITOR: ANDREWS, C. D. TEL. 205-453-2519
TECHNICAL SUMMARY
THE PRINCIPLE OBJECTIVE OF THE SHUTTLE AEROTHERMODYNAMIC DATA
MANAGEMENT SYSTEM IS TO PROVIDE A CENTRALIZED STORAGE AND RETRIEVAL
FILE FOR NASA WIDE SHUTTLE DESIGN WORK. THIS RAPID AND TIMELY
INTERCOMMUNICATION OF DATA IS IN THE FORM O~ TABULAR LISTINGS AND
PLOTTED DATA IN STANDARDIZED REPORT FORMATS. A SECONDARY GOAL IS TO
PROVIDE THE RESULTS OF THE COMPUTATIONAL CAPABILITIES OF THE DATA
HANDLING SYSTEM AS A DIRECT AID TO THE SHUTTLE VEHICLE DESIGN
PROCESS. THE :ONTRACTOR WILL UTILIZE THE SADSAC COMPUTER SYSTEM AS A
BASIS FOR PROVIDING CENTRALIZED AEROTHERMODYNAMIC DATA MANAGEMENT FOR
SHUTTLE. THE DATA AND ACCOMPANYING EXPERIMENTAL TEST INFORMATION TO
BE MANAGED WILL BE FURNISHED TO THE CONTRACTOR IN A PRE-SPECIFIED
FORMAT BY NASA g DOD AND SHUTTLE CONTRACTORS. THESE DATA SHALL BE
PROCESSED THROUGH THE COMPUTER SYSTEM BY THE CONTRACTOR AND A
DOCUMENTED OUTPUT DATA REPORT PROVIDED. ALL ACCUMULATED DATA WILL BE
STORED IN THE COMPUTER SYSTEM FOR LATER RECALL. A MASTER LOG OF
AEROTHERMODYNAM!C DATA STORED WILL BE MAINTAINED, AND A DATA FILE
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CONTENTS RECORD REPORT PREPARED MONTHLY. THIS PROGRAM IS A RESULT OF
A NEED ARISING OUT QF THE SPACE SHUTTLE AEROTHERMODYNAMIC WORKING
GROUP. A DATA MANAGEMENT SYSTEM (SADSAC) HAS BEEN DESIGNED AND IS
FUNCTIONING AS A DATA BANK AND DATA REDUCTION TOOL. BASIC
AEROTHERMODYNAMIC INFORMATION IS AVAILABLE TO ALL NASA CANTERS AND
SHUTTLE PRI~E :ONTRACTORS. THE FY'72 EFFORT IS TO PROVIDE FOR THE
CONTINUATION OF THIS DATA MANAGEMENT PROGRAM.
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SPACE SHUTTLE TECHNOLOGIES (OART/OMSF) •

RTOP NOD 117-07-01 TITLE: SPACE SHUTTLE CONFIGURATIONS,
AEROTHERMODYNAMICS~ AND OPERATIONAL
ANALYSIS
ORGANIZATION: L~NGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
FULLY AND PARTIALLY REUSABLE SPACE SHUTTLE SYSTEMS ARE BEING
STUDIED BY NASA/DOD JO SUPPORT FUTURE EARTH FOCUSED SPACE MISSIONS.
CURRENT CONTRACTOR CONCEPT-DEFINITION AND PRELIMINARY~DESIGN STUDIES
ARE SCHEDULED ro END WITH FY 1971. TO ASSESS THE CONCEPTS AND TO
MAKE RECOMMENDATIONS WHICH WILL HELP NASA IDENTIFY A PREFERRED
CONFIGURATION THERE IS A NEED TO (1) EXAMINE THE AERODYNAMIC
CHARACTERISTICS OF CANDIDATE ORBITER, BOOSTER, AND LAUNCH VEHICLE
CONCEPTS PROM SUBSONIC THROUGH HYPERSONIC SPEEDS, (2) PERFORM
DIAGNOSTIC STUDIES IN THE HYPERSONIC SPEED REGIME TO PROVIDE INSIGHT
INTO CA) LOCAL FLOW FIELD CONDITIONS AND (B) POTENTIAL PROBLEM AREAS,
(3) EXAMINE THE AEROHEATING CHARACTERISTICS OF CANDIDATE CONCEPTS,
INDIVIDUALLY AND IN COMBINATION, (.4) EXAMINE THE ABILITY OF CANDIDATE
CONCEPTS TO PERFORM MAJOR OPERATIONAL AND MISSION REQUIREr1ENTS, (5)
PERFORM SYSTEMS WEIGHT~ BALANCE a PACKAGING, AND DETAILED COMPONENT
DESIGN STUDIES OF BOTH BOOSTER AND ORBITER, AND (6) IDENTIFY FROM
AEROTHERMODYN A~ IC JI.ND SYSTEMS CONSIDERATIONS FEASIBLE SUBSCAIE
ORBITER AND BOJSTER FLIGHT TEST VEHICLES.THIS RTOP ENCOMPASSES THE
ACTIVITIES OF rHE LANGLEY AEPCTHERMODYNAMIC, SYSTEMS, AND OPERATIONS
SPACE SHUTTLE rECHNOLOGY PROGFAM, COORDINATED WITH OTHER NASA CENTERS
THROUGH THE AEROTHERMODYNAMICS/CONFIGURATIONS WORKING GROUP, TO
ACCOMPLISH THE PRECEDING OBJECTIVES IN CONJUNCTION WITH COMPLEMETARY
STUDIES IN THE AREAS OF STRUCTURES, MATERIALS, AND THERMAL PROTECTION
AND DYNAMIC LOADS AND AEROELASTICITY.
RTOP NO. 117-07-02 TITLE: SPACE SHUTTLE - CONFIGURATIONS AND
AERCTHERNODYNAMICS
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
TO EVALUATE THE AERODYNAMIC PERFORMANCE, STABILITY AND CONTROL,
HEATING AND SONIC BOOM OVERPRESSURES OF SPACE SHUTTLE VEHICLES; TO
PINPOINT AND FIND THE SOLUTION TO AEROTHERMODYNAMIC PROBLEMS OF THESE
VEHICLES IN EV~LUATION OF PHASE B AND SUPPORT OF PHASE C/D STUDIES.
ACCORDINGLY, MJDELS RESULTING FROM CONTRACTOR AND IN-HOUSE STUDIES
WILL BE TESTED IN SUBSONIC, TRANSONIC r SUPERSONIC AND HYPERSONIC
FACILITIES OF rHE AMES RESEARCH CENTER. SHADOWGRAPH AND OIL-FLOW
PHOTOGRAPHS, FLOW-FIELD PRESSURE SURVEYS, HEAT TRANSFER AND STATIC
AND DYNAMIC AERODYNAMIC DATA WILL BE OBTAINED. THE WIND-TUNNEL DATA,
TRAJECTORY DATA, AND RECENTLY OBTAINED STABILITY CRITERIA WILL BE
USED TO EVALUATE THE SPACE SHUTTLE CHARACTERISTICS RELATIVE TO
EXISTING AIRPLANES AND ENTRY VEHICLES SUCH AS LIFTING BODIES. THE
EFFECTS OF REALISTIC GAPS, JOINTS, AND SURFACE CONDITIONS ON
BOUNDARY-LAYER TRANSITION AND HEAT TRANSFER WILL BE DETERMINED.
TECHNIQUES WILL BE DEVELOPED FOR PREDICTING THE INVISCID AND VISCOUS
REAL GAS FLOW FIELDS ABOUT SHUTTLE SPACECRAFT. TRAJECTORY
CONSTRAINTS REQUIRED TO LIMIT SONIC BOOM OVERPRESSURES WILL BE
DETERMINED.
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RTOP NO. 747-81-01 TITLE: LIFTING ENTRY VEHICLE TRANSONIC
FLIGHT-TEST PROGRAM
ORGANIZATION: FLIGHT RESEARCH CENTER PoO. BOX 213 EDWARDS Q
MONITOR: MCTIGUE, J. G. TEL. 805-258-3311
TECHNICAL SUMMARY
THE LOW SUPERSONIC AND SUBSONIC CHARACTERISTICS OF LIFTING
REENTRY VEHICLES ARE BEING STUDIED BY MEANS OF A COORDINATED FLIGHT
AND WIND-TUNNEL TEST PROGRAM WITH M2-F3, AND X-24A AIRCRAFT. THE
PROGRAM WILL YIELD THE DETAILED AERODYNAMIC CHARACTERISTICS OF THESE
AIRCRAFT AND A MEASURE OF THE ABILITY OF THE WIND TUNNELS TO PREDICT
THESE CHARACTERISTICS. IN ADDITION, OPERATIONAL CHARACTERISTICS IN
THE TERMINAL AREA ARE BEING EXPLORED~ THIS EFFORT WILL ULTIMATELY
YIELD AN IFR TERMINAL AREA ENERGY MANAGEMENT AND APPROACH TECHNIQUE
APPLICABLE TO UNPOWERED LOW LID ENTRY VEHICLES. AFTER ACCOMPLISHING
THE BASIC FLIGHT OBJECTIVES, THE M2-P3 WILL BE USED TO EVALUATE
COMMAND CONTROL SYSTEM CONCEPTS AND REACTION CONTROL BLENDING
TECHNIQUES. SU~SEQUENT TO THE BASIC PROGRAM e THE X-24A WILL BE
CONVERTED TO AN FDL-S SHAPE TO EVALUATE A NEW CLASS OF VEHICLE.
RTOP NO. 90S-42-39 TITLE: AERCTHERMODYNAMICS - INTERFERENCE
AEROTHERMODYNAMICS AND SHOCK IMPINGEMENT
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON f TEXAS 71058
MONITOR: GOODRICH u W. D. TPl. 113-483-2326
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS ACTIVITY IS TO OBTAIN PARAMETRIC HEAT
TRANSFER g PRESSURE w AND FLOW VISUALIZATION DATA v WHICH REFLECT THE
INFLUENCE OF VEHICLE GEOMETRY AND FREE STREAM CONDITIONS ON THE
AEROTHERMODYNA~ICS ENVIRONMENT ASSOCIATED WITH (1) SEPARATED FLOW,
(2) NON-EQUILIBRIUM SHOCK AND BOUNDARY LAYERS, AND (3) BOUNDARY LAYER
TRANSITION IN rHE SPECTRUM OF APPLICABILITY TO SPACE SHUTTLE
CONFIGURATIONS. EXPERIMENTAL PROGRAMS WILL BE PERFORMED WHICH WILL
PROVIDE THE DArA NECESSARY TO FULFILL THE TASK OBJECTIVES. PRETEST
ANALYSES AND SUBSEQUENT DATA CORRELATION WILL COMPLETE THE OVERALL
TASK OBJECTIVES.
RTOP NO. 908-42-39 TITLE~ SPACE SHUTTLE - AEROTHERMODYNAMICS
ORGANIZATION: MANNED SPACECRAFT CENTER HOOSTON. TEXAS 77058
MONITOR: GONZALEZ v R. G. TEL. 713-483-2237
TECHNICAL SUMMARY
THIS EFFORr IS DESIGNED TO PROVIDE CURRENT STATE-OF-THE-ART
TECHNOLOGY STUDIES IN SUPPORT OF THE ENGINEERING DESIGN ANALYSIS ON
THE SPACE SHUTrLE VEHICLES. IT INCLUDES ANALYTICAL STUDIES AND
EXPERIMENTAL TESTING AS NECESSARY TO ANALYZE VEHICLE
AEROTHERMODYNAMIC CHARACTERISTICS AND TO ACCURATELY DEFINE
PERFORMANCE CAPABILITIES. DETAILED SIMULATION ANALYSIS OF THE SPACE
SHUTTLE PLUNE IMPINGEMENT PROXIMITY AERODYNAMICS EFFECTS DURING STAGE
SEPARATION WILL BE PERFORMED. STUDIES WILL BE PERFORMED IN DEVELOPING
AND IMPROVING rHE ANALYSIS TECHNIQUES FOR VFHICLE AERODYNAMIC
CONFIGURATION TRADE STUDIES CURRENTLY BEING USED FOR THE SPACE
SHUTTLE VEHICLE DESIGN. ANALYTICAL STUDIES AND EXPERIMENTAL TESTING
WILL BE PERFORMED TO ANALYZE THE AERODYNAMIC CONTROL EFFECTIVENESS OF
THIS VEHICLES.
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RTOP NO. 908-52-39 TITLE: SPACE SHUTTLE AEROTHERMODYNA~ICS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE g ALABAMA
MONITOR: DAHM g W. k. TEL. 205~453-1092
TECHNICAL SUMMARY
THE AEROTHERMODYNAMIC TECHNOLOGY STUDIES WILL DEFINE ADVANCED
~ETHODS AND TECHNIQUES REQUIRED FOR THE STEADY STATE AERODYNAMIC
DESIGN AND THE THERMODYNAMIC DESIGN OF SPACE SHUTTLE SYSTEMS. THE
EXTENSIVE FLIGHT REGIMES AND EXTREME ATTITUDE RANGES OF THE SHUTTLE,
INVOLVE NEW APPROACHES TO MANY AERODYNAMIC DISCIPLINES. THIS RTOP
INVOLVES DEVELOPMENT OF CRITERIA AND METHODS WHERE INADEQUATE
KNOWLEDGE OR ANALYSIS TOOLS EXIST FOR DEFINING APPROPRIATE
AEROTHERMODYNA~IC ENVIRONMENTS OR DESIGN VALUES. KEY. TASKS IN
AEROTHERMODYNAMICS HAVE BEEN SELECTED THAT REPRESENT CRITICAL AREAS
OF SHUTTLE DESIGN. APPROPRIATE EXPERIMENTAL AND ANALYTICAL STUDIES
WILL BE FUNDED FOR BOTH PARAMETRIC AND SPECIFIC INVESTIGATIONS
DEPENDING UPON THE STATE-OF-THE-ART OF THE PARTICULAR AREA. THE TASK
AREAS ARE: 1. EXPERIMENTAL AERODYNAMIC STUDIES 2. ASCENT BASE
HE~TING 3. POWER-ON BASE PRESSURE U. AERODYNAMIC HEATING 5.
STAGING AERODYNAMICS AND PLUME IMPINGEMENT 6. RCS PLUME AERODYNAMICS
7. UNCERTAINTIES IN THERMODYNAMIC ENVIRONMENT
RTOP NO. 976-30-39 TITLE: SPACE SHUTTLE AEROTHERMODYNAMICS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 71058
MONITOR: GONZALEZ g R. G. TFL. 713-483-2237
TECHNICAL SUMMARY
THIS EFFORr IS DESIGNED TC PROVIDE CURRENT STATE-OF-THE-ART THE
. ,
TECHNOLOGY STUDIES IN SUPPORT CF THE ENGINEERING DESIGN ANALYSIS ON
THE SPACE SHUTTLE VEHICLES. IT INCLUDES ANALYTICAL STUDIES AND
EXPERIMENTAL TESTING AS NECESSARY TO ANALYZE VEHICLE
AEROTHERMODYNAMIC CHARACTERISTICS AND TO ACCURATELY DEFINE
PERFORMANCE CAPABILITIES. STUDIES WILL BE PERFORMED TO INVESTIGATE
AND EVALUATE THE MUTUAL AERODYNAMIC INFLUENCE OF THE ORBITER/BOOSTER
AERODYNAMICS ON THE TOTAL LAUNCH VEHICLE. STUDIES WILL BE PERFORMED
TO EVALUATE THE FLIGHT CONTROL DYNAMIC RESPONSE CHARACTERISTICS OF
THE SHUTTLE VEHICLES DURING HIGH ANGLE OF ATTACH ATTI~UDE TRANSITION
MANEUVERS. STUDIES WILL ALSO BE PERFORMED TO PARAMETRICALLY
INVESTIGATE AND EVALUATE THE FFFECTS OF STRUCTURAL ELASTICITY oN THE
STATIC AND DYN~MIC LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS
OF THE SPACE SHUTTLE VEHICLES.
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RTOP NOo 114- 08- 05 TITLE: SPACE SHUTTLE DYNA MICS AND AEROELA STICITY
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON¥ VIRGINIA 23365
MONITOR: BROOKS, G. W. TEL. 703.,..827-2042
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP THE LOADS,
STRUCTURAL DYNAMICS, LIQUID DYNAMICS g AND AEROELASTICITY TECHNOLOGY
OF SPACE SHUTTLE VEHICLES. SPECIFICALLY TECHNOLOGY TO SOLVE PROBLEMS
SUCH AS BUFFET; FLUTTER; PANEL FLUTTER. GROUND WIND LOADS; PROPELLANT
SLOSH; WIND, GUST, AND CONTROL LOADS; POGO; BOUNDARY LAYER NOISE; AND
SHOCK LOADS WILL BE DEVELOPED. PROPOSED SPACE SHUTTLE CONFIGURATIONS
AND OPERATING REQUIREMENTS INTRODUCE THE NEW FACTORS OF ASYMMETRY,
PARALLEL-STAGED MUITIBODIES, AND HIGH TEMPERATURE INTO THESE DYNAMICS
PROBLEMS. BOTH ANALYTICAL AND EXPERIMENTAL APPROACHES ARE REQUIRED
TO DETERMINE CRITICAL LOADING CONDITIONS~ VEHICLE CHARACTERISTICS,
VEHICLE RESPONSES., AND STABILITY BOUNDARIES. DYNAMIC MODELS AND WIND
TUNNELS WILL BE USED EXTENSIVELY FOR THIS IN-HOUSE AND CONTRACT
EFFORT. THE RESULTS WILL INFLUENCE CONFIGURATION SELECTION AND LEAD
TO LIGHTER WEI3HT AND MORE RELIABILITY IN THE FINAL CONFIGURATION.
RTOP NO. 11f.l.-08-06 TITLE: SPACE SHUTTLE: DYNAMICS AND
AERCELASTICITY
ORGANIZATION: ~MES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
WIND TUNNEL TESTS AND ANALYSIS WILL BE CONDUCTED TO INVESTIGATE
SEVERAL DYNAMIC AND AEROELASTIC PROBLEMS THAT MUST BE CONFRONTED IN
THE EVALUATION OF CONFIGURATICNS AND THE DEVELOPMENT OF A SPACE
SHUTTLE VEHICLE. THE PRIMARY EMPHASIS WILL BE ON TRANSONIC BUFFET
(INCLUDING AEROELASTI~ EFFECTS), AERODYNAMIC NOISE INPUTS AND
RESPONSE, FLUTrER, MODE ALLEVIATION, AND FAILURE DETECTION. MOST OF
THE WORK WILL BE EXPERIMENTAL. BOTH LIGHT-WEIGHT RIGID AND
ELASTICALLY SCALED MODELS WILL BE TESTED IN WIND TUNNELS TO
INVESTIGATE BUFFETING AND FLU~TER. PLOW VISUALIZATION TESTS OF
CANDIDATE CONFIGURATIONS WILL BE CONDUCTED TO IDENTIFY AND LOCATE
REGIONS OF HIGH INTENSITY TURBULENCE, AND THEN PRESSURE FLUCTUATIONS
WILL BE MEASURED IN THESE REGIONS TO EVALUATE AERODYNAMIC NOISE
INPUTS. IT IS INTENDED THAT FULL-SCALE PANELS WILL EVENTUALLY BE
TESTED TO STUDY RESPONSE AND FATIGUE CHARACTERISTICS. A TECHNIQUE
BEING DEVELOPED FOR SIMULATING, ON LARGE-SCALE MODELS, THE LATERAL
FORCES PRODUCED BY THRUST VECTOR CONTROL OF LAUNCH VEHICLES WILL BE
USED TO STUDY :FITICAL VIBRATION MODES OF SPACE SHUTTLE STRUCTURES
AND ACTIVE AND PASSIVE SYSTEMS POR MODE ALLEVIATION. AN INSTRUMENT
DEVELOPED AT AMES FOR ON-LINE ANALYSIS OF DAMPING WILL BE FURTHER
DEVELOPED AND EVALUATED AS A STRUCTURAL FAILURE-DETECTION DEVICE.
RTOP NO. 114-08-17 TITLE: IMPULSE TESTING TECHNIQUES
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: MODLIN, C. T., JR. TEL. 713-483-2076
TECHNICAL SUMMARY
INVESTIGATE AND DEVELOP IMPULSE TRANSFER FUNCTION TESTING
TECHNIQUES FOR APPLICATION IN DETERMINING THE STRUCTURAL DYNAMIC
CHARACTERISTICS OF THE SPACE SHUTTLE VEHICLE AND SPACE SHUTTLE
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STRUCTURAL COMPONENTS. AN ANALYTICAL METHOD FOR PREDICTING THE
DYNAMIC CHARACTERISTICS AND DYNAMIC RESPONSE OF A STRUCTURE FROM
EXPERIMENTALLY DETERMINED IMPULSE TRANSFER FUNCTIONS. THE METHOD
WILL BE VERIFIED BY COMPARING RESPONSES DETERMINED BY THE IMPULSE
METHOD TO THOSE MEASURED ON A TYPICAL SPACECRAFT STRUCTURE DURING
APPLICATION OF IMPACT AND SUSTAINED VIBRATION TYPE LOADINGS.
RTOP NO. 976-30-40 TITLE: SPACE SHUTTLE DYNAMICS AND AEROELASTICITY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: COONS w H. J. TEL. 205-453~1124
TECHNICAL SUMMARY
THIS RTOP UPDATES AND SUPERSEDES RTOP 908-52-40 DYNAMICS AND
AEROELASTICITY AND 976-30-40 SYNTHESIS OF SHUTTLE DYNAMICS UTILIZING
SUBSTRUCTURE TESTING. THIS PTOP WILL PROVIDE THE TECHNOLOGICAL BASIS
IN THE AREA OF DYNAMICS AND AEROELASTICITY FOR THE DEVELOPMENT OF NEW
AND/OR IMPROVED ANALYSIS TECHNIQUES AND TEST METHODS APPROPRIATE TO
SPACE SHUTTLE. PARTICULAR EMPHASIS wILL BE PLACED ON TECHNOLOGY
IMPROVEMENTS NEEDED BECAUSE OF UNIQUE SHUTTLE MISSION REQUIREMENTS
AND ENVIRONMENfS, THE EXTREME WEIGHT CRITICALITY, THE UNIQUE CONTROL
REQUIREMENTS u AND THE SENSITIVITY 01" VEHICLE WEIGHT TO THE INDUCED
ENVIRONMENTS. THIS RTOP PROVIDES THE TECHNOLOGICAL BASIS FOB
IMPROVEMENT AND DEVELOPMENT OF ANALYTICAL AND TEST TECHNIQUES
REQUIRED TO SOLVE CRITICAL PROBLF.MS IN THE FOLLOWING DISCIPLINE
AREAS; BUFFET, FLUTTER q LIQUID BEHAVIOR, VEHICL~ DYNAMICS AND
RESPONSE~ NOISE AND VIBRATION AND GROUND WINDS. FY-72 FUNDS OF
$1,800K ARE REQUESTED TO ACCOMPlISH THIS PROGRAM WITH A MANPOWER
REQUIREMENT OF 11.0 MAN-YEARS.
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RTOP NO. 113-6D-10 TITLE: SPACE SHUTTLE ELECTRICAL POWER PROCESSING
AND DISTRIBUTION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: SCHWARZ~ F. C. TEL. 216-433-6131
TECHNICAL SUMMARY
~HE OBJECTIVES ARE TO ESTABLISH THE TECHNICAL CRITERIA WHICH
WILL PERMIT THE CONCURRENT OPTIMIZATION OF ELECTRICAL SYSTEMS FOR
REUSABLE HYBRID AIR AND SPACEBORNE CRAFT., THE SYSTEMS OF INTEREST
ARE: 1) THE POWER SOURCE, 2) THE POWER DISTRIBUTION, 3) THE POWER
CONVERSION SYSTEM g AND 4) THE POWER UTILIZATION SYSTEM. THE
OPTIMIZATION IS TO BE ACHIEVED OVER THE POWER RANGE OF 10 KW TO MORE
THAN 100 KW. DUE CONSIDERATION WILL BE GIVEN IN THE OPTIMIZATION TO
THE EFFECT ON rRE POWER SYSTEM OF ATMOSPHERIC REENTRY. A SECOND
OBJECTIVE IS TJ ESTABLISH THE TECHNOLOGY FOR CRITICAL SUBSYSTEMS AND
COMPONENTS OF rHE ABOVE SYSTEMS WHERE NEW TECHNOLOGY IS REQUIRED.
APPLICATIONS INCLUDE REUSABLE SPACE SHUTTLE LAUNCH AND ORBITER CRAFT;
AND OTHER AIR AND LARGER SPACECRAFTu THE APPROACH IS TO ACQUIRE
KNOWLEDGE ON THE NATURE OF POWER SYSTEM CHARACTERISTICS AND THE
ASSOCIATED SUBSYSTEMS UND~R GIVEN CONSTRAINTS AND TRANSLATE THE
RESULTS OF COMPARATIVE WEIGHTING OF CONTRIBUTING FACTORS INTO
CRITERIA FOR DESIGN. ESTABLISH TECHNOLOGY FOR CRITICAL SUBSYSTEMS,
COMPONENTS FOR POWER CONTROL, POWER TRANSFER AND TRANSlnSSION,
ELECTRIC ENERGY MANAGEMENT AND POWER FAULT DETECTION.
RTOP NO. 115-17-01 TITLE: SPACE SHUTTLE: SYSTEMS FOR NAVIGATION"
GUIDANCE AND GONTROL DURING APPROACH AND
LANDING
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: ROBERTS, L. TEL. 415-961-2280
TECHNICAL SUMMARY
THE OBJECTIVE IS TO DEVELOP A TECHNOLOGY BASE FOR THE DESIGN OF
THE SYSTEMS FOR NAVIGATION, GUIDANCE AND CONTROL OF THE SPACE SHUTTLE
VEHICLE (SSV) DURING THE APPRCACH AND LANDING. THE PROGRAM INCLUDES
ANALYSIS, PILorED FLIGHT SIMULATION. AND FINALLY, FLIGHT TESTS TO
DEVELOP AND EVALUATE SYSTEM CCNCEPTS. DURING FY'71 ANALYSIS AND
SIMULATION ~ERE EMPHASIZED ON BOTH IN-HOUSE AND CONTRACT STUDIES. IN
FY'12 ANALYSIS AND SIMULATION WILL CONTINUE IN-HOUSE BUT EMPHASIS
WILL SHIFT TO FLIGHT EVALUATION OF THE CONCEPTS DEVELOPED. ANALYSIS
AND SIMULATION FOR FY"72 INCLUDE: 1. DETAILED EXAMINATION OF THE
AUTOMATIC/MANUAL CONTROL SYSTEM INTERFACE 2. EXAMINATION OF
PERFORMANCE OF CANDIDATE SYSTEMS CONCEPTS 3. EVALUATION OF HANDLING
QUALITIES OF CANDIDATE VEHICLE CONFIGURATIONS. THE FLIGHT PROGRAMS
FOR FY'72 ARE: 1. FLIGHT TESTS USING THE CONVAIR 340 TO CONFIRM
NAVIGATION PERFORMANCE OBTAINEr FROM IN-HOUSE ANALYSIS AND SIMULATION
OF BLENDED INERTIAL/RADIO NAVIGATION SYSTEMS. 2. A MORE EXTENSIVE
FLIGHT TEST PRJ GRAM USING THE CONVAIR 990 TO STUDY AUTOMATIC AND
PILOTED LANDING SYSTEM CONCEPTS AND TO CONFIRM NAVIGATION, GUIDANCE
AND CONTROL SYSTEM PERFORMANCE OBTAINED FROM ANALYSIS AND SIMULATIONS
CONDUCTED IN-H~USE AND ON CONTRACT. THESE FLIGHT TESTS WILL
DUPLICATE, AS NEARLY AS POSSIBLE THE SHUTTLE TRAJECTORY AND
PERFORMANCE FROM ABOUT 40,000 FEET TO TOUCHDOWN.
RTOP NO. 115-17-02 TITLE: TERMIN AL AREA NAVIGATION, GUIDANCE, AND
DISPLAY CONCEPTS
ORGANIZATION: FLIGHT RESEARCH CENTER P. O. BOX 273 EDWARDS, CA
MONITOR: GEE, S. W. TEL. 805-258-3311
TECHNICAL SUMMARY
AN ANALYTI:AL STUDY WILL BE CONDUCTED USING AN IBM 360 COMPUTER
TO INVESTIGATE THE ENERGY MANAGEMENT AND GUIDANCE EQUATIONS FOR A
CURVED, UNPOWERED, INSTRUMENT APPROACH TO A RUNWAY IN A VEHICLE OF
LOW LIFT AND HIGH DRAG CONFIGURATION. A COMPUTER SIMULATION USING
THE VEHICLE EQUATIONS OF MOTION AND A COCKPIT WITH CHANGEABLE
DISPLAYS WILL BE USED TO EVALUATE THE GUIDANCE SYSTEM AND PILOT WORK
LOAD. SIMULATION RESULTS WILL BE VALIDATED BY FLIGHT TESTS USING A
DATA LINK WITH AN F-104 AIRCRAFT.
RTOP NO. 115- 17- 0 4 TITLE: SH UTTL E GUIDANCE
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: INGRAM, H. L. TEL. 205-453-0445
TECHNICAL SUMMARY
IN RECENT YEARS A SERIES CF ALGORITHMS FOR TRAJECTORY
OPTIMIZATION AND GUIDANCE HAVE BEEN DEVELOPED WHICH SHOW THE
FEASIBILITY OF USING GENUINE OPTIMIZATION TECHNIQUES FOR REAL TIME
GUIDANCE AND MISSION PLANNING. THESE ALGORITHMS ARE MODIFIED
SHOOTING METHODS WHICH ARE CAPABLE OF REPETITIVE ON-BOARD
OPTIMIZATION OF MULTIPLE BURN ORBIT TRANSFERS. USING THESE
ALGORITHMS, AN OPTIMAL GUIDANCE SCHEME HAS ALREADY BEEN DEVELOPED FOR
POWERED VACUUM MANEUVERS; AND, IN A PARALLEL EFFORT TO THIS STUDY
(UNDER 908-52-10 FY I 71 FUNDING), THE FINISHING TOUCHES ARE BEING PUT
ON AN OPTIMAL 3UIDANCE SCHEME FOR USE DURING POWERED ASCENT THROUGH
THE ATMOSPHERE. UNPER THE CONTRACTUAL EFFORT PRESENTLY FUNDED UNDER
THIS RTOP, A LIMITED REENTRY OPTIMIZATION CAPABILITY WILL BE
DEVELOPED - AGAIN USING THE ALGORITHMS PREVIOUSLY MENTIONED. UNDER
FY '72 FUNDING OF THIS PTOP, THIS EFFORT WILL BE EXTENDED TO THE
DEVELOPMENT OF A FULLY REALISTIC OPTIMAL REENTRY GUIDANCE SCHEME FOR
THE SPACE SHUTTLE u CAPABLE OF OPTIMIZING THERMAL PERFORMANCE SUBJECT
TO THERMAL AND STPUCTURAL CONSTRAINTS. UNDER ANTICIPATED FOLLOW-ON
FUNDING UNDER THIS RTOP (FY'73 AND BEYOND), THE THREE APPLICATIONS OF
THE DEVELOPED ALGORITHMS (ASCENT, RENDEZVOUS AND REENTRY) WILL BE
BROUGHT TOGETHER TO FORM A UNIFIED GUIDANCE SCHEME WHICH TAKES
ADVANTAGE OF THE COMMONALITY THAT EXISTS IN THE EQUATIONS AND
TECHNIQUES EMPLOYED TO PROVIDE OPTIMAL GUIDANCE DURING ALL THREE
SPACE SHUTTLE FLIGHT PHASES. THE ADVANTAGES OF SUCH A UNIFIED SYSTEM
WILL INCLUDE MINIMUM COMPUTER STORAGE REQUIREMENTS,' MINIMUM SOFTWARE
DEVELOPMENT, MINIMUM PROPELLANT REQUIREMENTS, AND MAXIMUM RELIABILITY.
RTOP NO. 115-21-01 TITLE: MANNED SPACE SHUTTLE - DEVELOPMENT OF
ANTENNA TECHNIQUES AND MATERIALS
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
.<;.RJ'rLCAL"AN'J'.KNNAT,ECH.N?_~qGY J>JILL BE DEVELOPED TO MEET THF
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REQUIREMENTS I~POSED BY STRUCTURAL DESIGN CONSIDERATIONS, THERMAL
CONDITIONS, AND THE OVERALL REENTRY ENVIRONMENT OF THE SPACE SHUTTLE.
THE REUSE CAPABILITY OF ANTENNA WINDOW AND THERMAL PROTECTION
MATERIALS WILL BE DETERMINED BY MEASURING THE DIELECTRIC PROPERTIES
OF THESE MATERIALS AFTER REPEATED THERMAL CYCLING. ANTENNA DESIGNS
WILL BE DEVELOPED WHICH USE THESE MATERIALS IN LAYERS TO REDUCE
ANTENNA TEMPERATURES. COMPUTERIZED DESIGN TECHNIQUES WILL BE
DEVELOPED TO DETERMINE THE IMPEDANCE AND PATTERNS OF ANTENNAS ON
SPACE SHUTTLE VEHICLES.
RTOP NO. 115-21-02 TITLE: MANNED SPACE SHUTTLE - MICROWAVE
AMPLIFIERS FOR SPACE SHUTTLE VEHICLE
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VA 23365
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
C-BAND MICROWAVE POWER AMPLIFIERS WILL BE DEVELOPED FOR THE
COMMUNICATION SUBSYSTEM OF THE SPACE SHUTTLE. PRESENTLY AVAILABLE
DESIGN TECHNIQUES WILL BE USED WITH SLIGHT MODIFICATION OF
CONVENTIONAL TRAVELING WAVE TUBF, CONFIGURATIONS. EMPHA,SIS WILL BE
PLACED ON INCREASED POWER OUTPUT, IMPROVED EFFICIENCY g AND HIGH
RELIABILITY. THE NOMINAL POWER OUTPUT WILL BE 100 WATTS WITH
SATISFACTORY OPERATION THROUGH THE 20 TO 100-WATT RANGE. THE POWER
AMPLIFIERS WILL BE DESIGNED FOR COMPATIBLE OPERATION THROUGH THE
INTELSAT IV SATELLITE RELAY CCMMUNICATIONS SYSTEM. ENGINEERING
MODELS WILL BE CONSTRUCTED WHICH CAN BE USED IN THE INITIAL PHASE OF
FLIGHT QUALIFI:ATION AND LIFE TEST PROGRAMS. IN ADDITION~ EFFORTS
WILL BE UNDERTAKEN TO EXTEND THE C-BAND TECHNOLOGY TO K SUB U BAND.
PARALLEL EFFORT WILL ALSO ASSESS FEASIBILITY OF SOLID STATE
TECHNIQUES AT THESE POWER LEVELS.
RTOP NO. 115-21-11 TITLE: SPACE SHUTTLE LOW NOISE RECEIVER
ORGANIZATION: GODDARD SPACE FLIGHT CENTER GREENBELT, MARYLAND
MONITOR: DALLE MURAu P. H. TEL. 301-983-5036
TECHNICAL SUMMARY
THE SPACE SHUTTLE COMMUNICATION THROUGH SYNCHRONOUS SATELLITES
WILL REQUIRE INCREASED ANTENNA SIZES OR MORE ~ENSITIVE RECEIVING
SYSTEMS. SINCE RE-ENTRY IS A FACTOR g IT IS OBVIOUS THAT THE LATTER
AREA OF CONCERN SHOULD BE DEVELOPED. THIS RTOP WILL DEVELOP A SPACE
QUALIFIED PARAMP TECHNOLOGY AT C-BAND, K SUB U BAND AND S-BAND. THE
C-BAND PARAMP WILL HAVE A NOISE FIGURE OF LESS THAN 2DB AND THEREBY
SIGNIFICANTLY REDUCE THE SIZE REQUIREMENT OF THE ANTENNA. THIS
EFFORT WILL BE PRIMARILY CONTRACTURAL WITH SOME EFFORT PERFORMED
IN-HOUSE. THE C-BAND UNIT MUST BE DEVELOPED COMPLETELY, WHEREAS THE
PROTOTYPE K SUB U BAND UNIT WILL BE DEVELOPED FOR THE TDRS PROGRAM.
THIS PROTOTYPE MUST THEN BE DEVELOPED THROUGH THE SPACE QUALIFICATION
SEGMENT. THE S-BAND UNIT HAS BEEN DEVELOPED THROUGH THE PROTOTYPE
STAGE FOR THE TDRS PROGRAM. THIS PROTOTYPE WILL BE EXTENDED THROUGH
A SPACE QUALIFICATION DEVELOPMENT PHASE.
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RTOP NO. 115-23-31 TITLE: ADVANCED COMPUTER SYSTEM TECHNIQUES FOR
DATA MANAGEMENT SYSTEMS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: MARLOWE, Go D. TEL. 713-483-6196
TECHNICAL SUMMARY
THE INCREASED AUTONOMY REQUIREMENTS FOR THE SPACE SHUTTLE HAVE
SIGNIFICANTLY INCREASED THE ROLE OF ONBOARD COMPUTERS. THE RESULTANT
INCREASED COMPLEXITY OF THE ONBOARD SYSTEMS REQUIRES THAT ADDITIONAL
EMPHASIS BE PLACED UPON THE CCMPUTER OPERATING SYSTEM DESIGN AND
VERIFICATION TJ ASSURE DELIVERY WITHIN SHUTTLE SCHEDULES AND COST
OBJECTIVES. THIS OBJECTIVE CAN ONLY BE ACHIEVED BY RECOGNIZING THE
INTER-DEPENDENCE OF HARDWARE, 1HE COMPUTER SYSTEM AND FUNCTIONAL
SYSTEM APPLICATIONS. THE OBJECTIVE OF THIS EFFORT IS TO PROVIDE THE
NECESSARY EMPHASIS ON THE TOTAL SYSTEM DESIGN AND VERIFICATION TO
ASSURE THAT THIS INTER-DEPENDENCE IS ACCOUNTED FOR IN THE FINAL
SHUTTLE SYSTEM. THE STUDY APPROACH INCLUDES THE UTILIZATION OF FY-70
AND FY-71 TECHNOLOGY EFFORTS. THIS WILL BE ACCOMPLISHED BY
EVALUATING THE TWO EXECUTIVE DESIGNS PROVIDED UNDER FY-71 FUNDING AND
SELECTING THE OPTIMUM APPROACH WHICH IS CONSISTENT WITH THE AVIONICS
HARDWARE CONFIGURATION AT THE TIME OF CONTRACT AWARD. DETAILED .
SPECIFICATIONS WILL BE ESTABLISHED. USING THE FY-71 VERIFICATION
STUDIES AS A B~SELINE, A MASTER VERIFICATION PLAN WILL BE GENERATED
WHICH WILL INCLUDE VERIFICATION PHASES, HARDWARE, FACILITIES AND
CONFIGURATION MANAGEMENT PLANNING.
RTOP NO. 115-24-01 TITLE: HIGH TEMPERATURE SENSORS
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: GRAVES, G. B. TEL. 703-827-3745
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS WORK IS TO DEVELOP MEASUREMENT TECHNIQUES
AND INSTRUMENTATION TO DETERMINE THE EFFECT OF THE REENTRY
ENVIRONMENT ON STRUCTURES USED IN THE SPACE SHUTTLE. SPECIFIC EFFORTS
WILL BE MADE TO DEVELOP HEAT TRANSFER SENSORS, STRAIN MEASUREMENTS
WITH EXTENDED UPPER TEMPERATURE PERFORMANCE, AND DYNAMIC DISPLACEMENT
MEASUREMENT TECHNIQUES FOB ANALYZING THE PERFORMANCE OF VARIOUS PANEL
DESIGNS UNDER BOTH VIBRATION AND THERMAL LOADS. THIS WORK IS
ESSENTIAL TO THE DEVELOPMENT OF EFFICIENT LOAD BEARING STRUCTURES
WHICH MEET AERODYNAMIC REQUIREMENTS AND CAN WITHSTAND REPEATED
HIGH-TEMPERATURE EXPOSURE WITHOUT IMPOSING SEVERE WEIGHT PENALTIES ON
THE VEHICLE.
RTOP NO. 115- 24-02 TITLE: SPACE SHUTTLE: HIGH SPECIFICITY GAS
ANALYSIS
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: ROBERTS, L.TES TEL. 415-961-2286
TECHNICAL SUMMARY
INSTRUMENTATION WILL BE DEVELOPED TO DETECTGASEOUS CONTAMINATS
IN SPACE SHUTTLE CABINATMOSPHERES WITH THE REQUIRED SENSITIVITY
ANDSPECIFICITY. A PROGRAM HAS BEEN UNDERWAY AT AMESBOTH IN-HOUSE AND
THROUGH A CONTRACTOR, TODEVELOF ONE TYPE OF SUCH INSTRUMENTATION
BASED ONNEW CONCEPTS IN THE AREA OF NON-DISPERSIVEINFRARED ANALYSIS
(NDlR). IN ADDITION TODEVELOPING A FLIGHT-QUALIFIED
lNSTRUMENT,FUNDAMENTAL STUDIES OF THE TECHNIQUE WILLCONTINUE WITH THE
AIM OF INCREASING SENSITIVITYAND APPLICABILITY. THE SPACE SHUTTLE
WILL INVOLVEA :LOSED SYSTEM IN WHICH HUMAN BEINGS MUST LIVE
ININTIMATE CONrACT WITH A NUMBER OF COMPLEX CHEMICALCOMPOUNDSo YEARS
OF EXTENSIVE TESTING HAVEELIMINATED w HOPEFULLY w ALL OF THE
HAZARDOUSCOMPOUNDS WHICH COULD BE EXPECTE~ IN THESPACECRAFT STRUCTURE
AND SYSTEMS UNDER NORMALCONDITIONS. HOWEVER. NORMAL CONDITIONS
CANNOT BEGUARANTEED IN SPACE MISSIONS. FOR THIS REASON ANUMBER OF
POSSIBILITIES ARE BEING EXPLORED TOEXAMINE THE TOXIC HAZARDS TO BE
EXPECTED IN ACJNDITION OF MALFUNCTION~ SEVERAL CHEMICALCOMPOUNDS
HAVE BEEN IDENTIFIED AS BEING----
RTOP NO. 115-24-03 TITLE: STUDY OF A VEHICLE STATUS AND MONITORING
SYSTEM CONCEPT
ORGANIZATION: FLIGHT RESEARCH CENTER P. O~ BOX 273 EDWARDS,
MONITOR: LOVE, J. E. TEL. 805-258-3311
TECHNICAL SU~MARY
A STATE-OF-THE-ART SYSTEM DESIGNED FOR MONITORING AND CONTINUOUS
INFLIGHT RECORDING OF PARAMETERS WHICH DETERMINE THE OPERATIONAL
STATUS OF A VEHICLE WILL BE FLIGHT TESTED IN A HIGH PERFORMANCE JET
AIRCRAFT. AFTER EACH FLIGHT, A QUICK ANALYSIS IS PERFORMED BY
COMPUTER PROCESSING OF THE DIGITIZED MAGNETIC FLIGHT TAPE.
OPERATIONAL DISCREPANCIES ARE DETECTED AND IDENTIFIED WHEN SENSED
QUANTITIES EXCEED PREDETERMINED THRESHOLD~ AS INSERTED INTO THE
COMPUTER FOR ANALYSIS. THE TAPE ALSO SERVES AS A HISTORY OF
OPERATION FROM WHICH PREDICTIONS OF MALFUNCTION OR FAILURE CAN BE
MADE FROM LONG-TERM (SEVERAL HUNDRED HOURS OF FLIGHT) PARAMETRIC
TREND ANALYSIS. THE FLIGHT EXPERIENCE AND DATA ACCUMULATED WILL
PROVIDE BASIC INFORMATION FOR SYSTEM REQUIREMENTS FOR THE SPACE
SHUTTLE VEHICLE TO ACHIEVE SHORT TURNAROUND TIME BY AUTOMATIC SYSTEM
TESTING, FAULT LOCATION v AND CHECKOUT. THE OBJECTIVE IS ALSO TO
DEMONSTRATE THE ABILITY TO REFLY THE ENGINE-INLET SYSTEM BASED UPON
DATA FROM THE LAST FLIGHT WITH LITTLE OR NO FORMAL GROUND PREFLIGHT
OF THAT SYSTEM.
RTOP NO. 115-24-04 TITLE: INSTRUMFNTATION/SENSORS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: ALEXANDER, J. D. TEL. 713-483-3466
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS TASK IS TO DEVELOP THE TECHNOLOGY, DESIGN,
AND FABRICATE A PROTOTYPE SYST~M~ AND TO PERFORM ~VALUATION TESTS OF
l ZERO G LIQUID QUANTITY GAUGING SYSTEM THAT IS SUITABLE FOR USE ON
THE SPACE SHUT~LE. THE PROBLEM OF GAUGING A LIQUID IN ZERO G IS ONE
OF EITHER PRODUCING AN ARTIFICIAL GRAVITY BY ACCELERATION AND USING
MORE CONVENTIONAL METERING v WHICH USES MORE PROPELLANT Q OR USAGE
CALCULATIONS WHICH CANNOT ACCOUNT FOR LOSSES DUE TO FAILURE OR
MALFUNCTION. AN INHOUSE STUDY AND EVALUATION OF GAUGING SYSTEM
TECHNIQUES CON:LUDED THAT THE NUCLEAR ABSORPTION TECHNIQUE WAS THE
MOST PROMISING. THIS METHOD WILL INHERENTLY PROVIDE TO~AL MASS
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MEASUREMENT OF ANY SUBSTANCE REGARDLESS OF ITS PHYSICAL PHASE (SOLID,
LIQUID, OR GAS). FOR THE SPACE SHUTTLE, THE MAXIMUM TANK SIZE THAT
CAN BE METERED BY THIS TECHNIQUE IS DETERMINED BY THE ABSORPTION
COEFFICIENTS OF THE PROPELLANT, DETECTOR DYNAMIC RANGE, AND SOURCE
STRENGTH CONSIDERATIONS. LIQUID OXYGEN (LOX) TANKS ARE RESTRICTED TO
A DIAMETER OF 10 FEET OR LESS WITH PRESENT TECHNIQUES AND SOURCE
STRENGTH LIMITATIONS. FURTHER, THE TEMPERATURE RANGE OVER WHICH THE
DETECTORS MUST PERFORM MAKES PRESENT MATERIALS M.ARGINAL IN THEIR
PERFORMANCE. RECENTLY COMPLETED MATERIALS RESEARCH INDICATES THAT THE
MATERIALS AND rECHNIQUES ARE AVAILABLE, AND A NEAR OPTIMUM DETECTOR
CAN BE DEVELOPED WITHIN THE TIME SCHEDULES. AT LEAST TWO METHODS OF
DEVELOPING VARIABLE INTENSITY SOURCES ARE AVAILABLE TO SOLVE THE
PROBLEM OF HIGH DENSITY PROPELLANT PENETRATION WITHOUT EXCEEDING THE
DETECTOR'S DYNAMIC RANGE OR POSING A RADIATION HAZARD TO THE CREW OR
SERVICE PERSONNEL WHEN THE TANKS ARE EMPTY.
RTOP NO. 115-24-05 TITLE: SHUTTLE SENSORS f, INSTRUMENTATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: ESCUE, W. T. TEL. 205-453-4626
TECHNICAL SUMMARY
THE TECHNOLOGY BEING CONDUCTED IN THE AREAS OF AIR DATA SENSORS,
ZERO "G" QUANTITY MEASUREMENT AND PROPELLANT UTILIZATION/LOADING
SENSORS IS AN EXTENSION OF WORK BEING CONDUCTED UNDER RTOP 125-24-19,
SHUTTLE SENSORS AND INSTRUMENTATION. THIS TECHNOLOGY HAS THE
OBJECTIVE OF MEETING THE SHUTTLE OPERATING REQUIREMENTS FOR THESE
VITAL MEASUREMENTS. GAS ANALYSIS INSTRUMENTATION FOR THE SHUTTLE
ENVIRONMENTAL :ONTROL SYSTEM WILL BE PURSUED FOR 02 AND C02ALO~G
WITH TOXIC GAS DETECTION AND ABORT SITUATIONS FOR H2, NO, CO, CH4
ETC. THE APS ENGINE TESTING WILL REQUIRE A MASS FLOW DEVICE CAPABLE
OF MEASURING 02 AND H2 FLOW FOR PULSE WIDTHS OF 50 MILLISECONDS.
THIS INSTRUMENr IS VERY VITAL TO APS ENGINE AND CONTROL SYSTEM
EVALUATION.
RTOP NO. 908-42-05 TITLE: SPACE POWER DEVICES
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: EASTMAN, F. E. TEL. 713-483-3171
TECHNICAL SUMMARY
THE SPACE ELECTRICAL POWER SYSTEM MUST PERFORM IMPORTANT
FUNCTIONS, SUCH AS: (1) ACCEPT POWER FROM THE PRIMARY POWER SOURCE
AND PROVIDE POWER PROCESSING; (2) DISTRIBUTE THIS POWER FROM THE
SOURCE TO THE VARIOUS LOADS THROUGH BUSES, LOAD CENTERS, AND FEEDER
CIRCUITS; AND (3) PROVIDE THE REQUIRED CIRCUIT PROTECTION AND
CONTROL. THREE CLASSES OF HARDWARE NEEDED FOR PERFORMING THESE
FUNCTIONS AR E: (1) POWER PROCES SING EQUIPMENT (CONV ERTERS I
INVERTERS, VOLrAGE REGULATORS, ETC.); (2) WIRING, CONNECTORS, AND
ASSOCIATED EQUIPMENT~ AND (3) CIRCUIT CONTROL AND PROTECTION DEVICES
(CIRCUIT BR EAKERS, FO SF.S, POWER DISCONNECT, SWITCHES, ETC 0)' AS
DETERMINED FROM AN EVALUATION OF THE SHUTTLE CONSTRAINTS r GUIDELINES,
AND REQOIREMENrS, THIS EFFORT INVOLVES TWO SUBTASKS WHICH WILL
SUPPORT THE ABJVE SYSTEM FUNCTIONS. THESE TASKS ARE AS FOLLOWS: 01
DYNAMIC LOAD SIMULATOR - THIS DEVELOPMENT WII,L ENABLE ELECTRICAL
POWER SYSTEM LJADS TO BE SIMULATED TO ALLOW EVALUATION OF REALISTIC
TRANSIENT CONDITIONS. THE SYSTEM IS DIVIDED INTO TWO AREAS: (1)
DYNIlMIC LOAD IN TERR OGATOR AND (2) DYNAMIC LOAD SIMUL ATO R. MSC CA N
PROVIDE SOME LOAD INTERROGATICN AND FUNCTIONAL SUPPORT EQUIPMENT AS
AN APPROACH TO REDUCE COST. THE DYNAMIC LOAD SIMULATOR APPROACH
INCLUDES A STUDY PHASE, ENGINEERING MODEL PHASE, AND
PROTOTYPE/pRODUCTION PHASE. 02 SWITCHING DEVICES (SOLID STATE REMOTE
POWER CONTROLLERS) - DEVELOPMENT OF SOLID STATE REMOTE POWER
CONTROLLERS IS NEEDED TO MEET THE OPERATIONAL AND UNIOUE
ENVIRONMENTAL REQUIREMENTS OF THE SHUTTLE. THE APPROACH INCLUDES A
DESIGN STUDY, EVALUATION OF SELECTED COMPONENT DESIGN, AND THE
DEVELOPMENT, FABRICATION, AND 1ESTING OF AN ENGINEERING MODEL.
RTOP NOG 908-42-10 TITLE: SPACE SHUTTLE - GUIDANCE AND NAVIGATION
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: CHEVERS, E. TEL. 713-483-2851
TECHNICAL SUMMARY -
THE OBJECTIVE OF THIS TASK IS TO PROVIDE FEASIBLE GN&C SYSTEM
DESIGNS AND FUNCTIONAL SOFTWARE ROUTINES (EQUATIONS AND ALGORITHMS)
IN THE AREAS OF SHUTTLE ENTRY NAVIGATI~N, ENTRY GUIDANCE AND CONTROL,
AND _IN-ORBIT DELTA-V GUIDANCE. THIS PROGRAM WILL BK A CONTINUATION
OF SIMILAR' ANALYTICAL ACTIVITIES FUNDED UNDER FY71 PROGRAMS 908-42-08
AND 908-41-10. THE VEHICLE CCNFIGURATIONS AS DEVELOPED UNDER THE
PHASE _B PROGRIlM STUDIES WILL BE ANALYZED TO DETERMINE THE GN&e
SYSTEM REQUIREMENTS FOR THE ABOVE STATED FLIGHT MODES. THE
REQUIREMENTS WILL BE TRANSLATED INTO SYSTEM CONCEPTS AND EQUATION
DESIGNS WHICH WILL SATISFY THE MISSION AND VEHICLE REQUIREMENTS FOR
THESE FLIGHT MJDES. THE OBJECTIVE OF THIS TASK IS TO PROCEED WITH
THE FABRICATION OF LABORATORY PROTOTYPES OF A VOTER COMPARATOR SWITCH
(ves) DEVICE. THIS DEVICE, CONCEIVED AND· DESIGNED UNDER FY70
908-41-10 AND FY71 908-41-08 PROGRAMS, IS AN ADAPTIVE VOTER ELEMENT
WHICH CAN INTERFACE UP TO FOUR COMPUTERS IN A REDUNDANT
RECONFIGURABLE SYSTEM. IT IS INTENDED THAT THE FABRICATION USE
STATE-OF-THE-ART LARGE SCALE INTEGRATION. THE PROTOTYPE DEVICES WILL
BE DELIVERED TJ MSC AND INTERFACED WITH CANDIDATE _FLIGHT-TYPE
COMPUTERS FOR LABORATORY EVALUATION OF VOTING AND RECONFIGURATION OF
REDUNDANT SYSTEMS.
RTOP NO. 908-42-18 TITLE: SPACE SHUTTLE - CHECKOUT
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: MARLOWE, G. D. TEL. 713-483-6196
TECHNICAL SUMMARY
THE INTERDEPENDENCE OF HARDWARE, COMPUTER SYSTEMS AND FUNCTIONAL
_APPLICATIONS MUST BE RECOGNIZED AS ~ SIGNIFICANT AREA SINCE ANY ONE
MAY INFLUENCE rHE DESIGN OF THE OTHER DURING THE DEVELOPMENT PHASES.
THIS EFFORT WILL ASSURE ~MPHASIS ON CRITICAL COMPUTER SYSTEM
CONSIDERATIONS OF CHECKOUT, REDUNDANCY CONTROL~ ERROR RECOVERY,
VERIFICATION TECHNIQUES~ AND DESIGN OF A BASIC DATA MANAGEMENT
OPERATING SYSTEM FOR THE SPACE SHUTTLEG THIS EFFORT BUILDS UPON AND
INTEGRATES THE FY-70 AND FY-71 TECHNOLOGY ACTIVITIES. THE STUDIES
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AND RECOMMENDArIONS OF THE FY-70 STUDIES WILL BE UTILIZED IN THE
FY-71 TECHNOLOGY DEVELOPMENT OF THE DETAILED EXECUTIVE DESIGN AND
PROCEDURES. THE DETAILED SPECIFICATIONS AND PROCEDURES DELIVERED
UNDER THE FY-71 EFFORT WILL BE UTILIZED TO SPECIFY e DELIVER AND
DOCUMENT A DATA MANAGEMENT OPERATING SYSTF,M WHICH WILL BE UTILIZED
WITH AN MSC SUBSYSTEM BREADBOARD SYSTEM. THIS SYSTEM WILL INCLUDE A
FLIGHT COMPUTER (4 PI}v DATA BUS 6 REDUNDANT POWER DISTRIBUTION
SYSTEM, SIMULArED ENVIRONMENTAL CONTROL SYSTEM AND A GENERAL PURPOSE
SIMULATION COMPUTER (360/44)~ THE DEVELOPMENT AND TESTING OF REAL
APPLICATIONS BASED UPON PAST TECHNOLOGY EFFORTS IS EXPECTED TO DRIVE
CRITICAL PROBLEM AREAS WHICH WOULD NOT OTHERWISE BE UNCOVERED UNTIL
LATE IN THE SHUTTLE PROGRAM;
RTOP NO. 908-42-42 TITLE: SIMULATION GUIDELINES AND TECHNIQUES FOR
MULTIPLEX DATA SYSTE~S FOR SHUTTLE
ORG~NIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: NOLTING, A. G. TEL. 713-483-5121
TECHNICAL SUM~ARY
THE GOAL OF THIS RESEARCH AND TECHNOLOGY OPERATING PLAN IS TO
PROVIDE A COMPREHENSIVE SET OF AVIONICS SIMULATION REQUIREMENTS FOR
AN INTERIM FUNCTIONAL SIMULATION AND THE SHUTTLE MISSION SIMULATOR.
EFFORTS WILL BE DIRECTED TOWARD EVALUATING ALTERNATIVES, E.G.,
SIMULATION TECHNIQUES, SIMULATION COMPUTER COMPLEX CONFIGURATION, AND
ESTABLISHING THE REQUIREMENTS FOR THE COMPUTER SYSTEMS AND PROGRAMS
FOR THE SHUTTLE MISSION SIMULATOR. THE DATA GENERATED IS REQUIRED
EARLY DURING THE SHUTTLE PHASE C EFFORT TO INFLUENCE CREW STATION
DESIGN AND FOR _THE EARLY DEVELOPMENT OF SIMULATORS AND SOFTWARE
PROGRAMS TO BE USED FOR CREW TRAINING~
RTOP NO. 908-52-08 TITLE: CONTROL SYSTEM TECHNOLOGY FOR SHUTTLE
VEHICLES
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: LOVINGOOD, J~ A~ TEL. 205-453-0436
TFCHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DETERMINE THE BEST
(OPTIMUM) CONTROLLER WHICH WILL ADEQUATELY STABILIZE AND CONTROL THE
ATTITUDE MOTION OF A SPACE SHUTTLE VEHICLE FOR THE VARIED FLIGHT
ENVI RONMENTS: {1) LA UNCH/ATt10SPH ERIC FLIGHT, (2) REENT RY FLIGHT, AND
(3) LANDING. rHE APPROACHES WILL EMPHASIZE AUTOMATIC CONTROL SYSTEMS
WITH MAN SERVING AS BACKUP FOR EMERGENCIES. CONSIDERATION WILL BE
GIVEN TO IMPLEMENTING THE CONTROL BY CONVENTIONAL o ADAPTIVE, AND/OR
OPTIMAL CONTROL TECHNIQUES WITH RELIABILITY AND SIMPLICITY AS THE
DESIGN CRITERIA. THE CONTROL SYSTEM INTERFACES WITH THE GUIDANCE AND
NAVIGATION FUN:TIONS WILL BE REVIEWED TO ESTABLISH REQUIREMENTS AND
COMMONGUIDELINES. THE OBJECTIVE OF THE ANALYSES WILL REQUIRE THE
DEVELOPMENT OF FLEXIBLE ANALYSIS TECHNIQUES CAPABLE OF MEETING THE
WIDE RANGE OF SHUTTLE VEHICLE MISSIONS THAT ARE UNDER CONSIDERATION.•
THE RF.CENT ADVANCES IN APPLYING MODERN CONTROL THEORY TO COMPLEX HIGH
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ORDER SYSTEMS HAVE CREATED THE OPPORTUNITY TO DEVELOP TECHNIQUES THAT
WOULD GREATLY REDUCE THE TIME (BOTH ENGINEERING AND COMPUTER) AND
EFPORT NECESSARY TO DESIGN EFFECTIVE CONTROLLERS FOR GIVEN SPACE
APPLICATION. IN SOME INSTANCES, WORK HAS BEEN DONE IN FY-11n THESE
CASES ARE SHOWN 3N THE PERTINEN-T MILESTONE SCHEDULES (UNDER "NOTESIi) 0
RTOP NO. 908-52-18 TITLE~ SHUTTLE SYSTEM STUDIES AND HARDWARE
INVF.STIGATIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER p HUNTSVILLE. ALA.
MONITOR: ~OJTALIKw F. S. TEL. 205-453-1422
TECHNICAL SUMMARY
THIS WORK WILL PROVIDE TECHNOLOGY FOR DEVELOPING SPACE SHUTTLE
VEHICLE (SSV) SYSTEMS REQUIREMENTS AND DESIGNS IN THE AREAS OF EMI
SPECIFICATIONS TO ESTABLISH OPERATION AND ACCEPTANCE STANDARDS;
DEVELOPMENT OF SOLID-STATE" AUTOMATIC e ELEC~ROMAGNETIC TEST ~QUIPMENT
FOR EMC _APPLI:ATIONS; DEVELOPMENT OF APPROACHES AND TECHNIQUES FOR
GROUND VERIFICATION OF THE SSV DATA SYSTEM~ IMPLEMENTATION OF ONBOARD
CHECKOUT AND R~DUNDANCY MANAGEMENT FOR THE REDUNDANT IMU SYSTEM;
OPTIMUM BRAKING AND ANTI-SKID LANDING; AND DEVELOPMENT OF TECHNOLOGY
FOR THE CHECKOUT MONITOR AND OHBOARD/GROUND ELECTRICAL SYSTEMS
CONTROL. EMI SPECIFICATIONS REVIEW WILL INCLUDE SSV EQUIPMENT
STUDIES, EQUIPMENT TEST DEFINITIONS, AND UPDATING OF PRESENT EMI TEST
TECHNIQUES. EMC TEST EQUIPMENT RELIABILITY WILL BE IMPROVED AND
PHYSICAL SIZE WII,L BE REDUCED g UTII.IZING Lll,TEST STATE-OF-THE-ART
TECHNIQUES. VERIFICATION OF THE _5SV DAtA SYSTEM WILL USE EXISTING
EQUIPMENT, C3RRELATING PROPOSED TEST SPECIFICATIONS TO PROPOSED TEST
TECHNIQUES AND MODIFYING EQUIfMENT FOR GREATEST FLEXIBILITY. THE IMU
CHECKOUT SYSTEM WILL IMPLEMENT PREVIOUSLY DEVELOPED PLANS FOR
HARDWARE AND SJFTWARE. PROPOSED BRAKING AND ANTI-SKID LANDING SYSTEM
WILL BE ANALYZED AND SIMULATED BY COMPUTER.
RTOP NO. 908-62-13 TITLE: SPACE SHUTTLE INSTRUMENTATION SENSORS
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD, S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
THIS RTOP IS FOR WORK ON SPACE SHUTTLE SENSORS TO DETECT
HAZARDOUS CONDITIONS RESULTING FROM SPILL O~ LEAKAGE OF SPACE SHUTTLE
PROPELLANTS. HYDROGEN ~NDDXYGEN PRODUCE FIRE AND EXPLOSION HAZARDS
IN A WIDE RANGE OF MIXTURE£ONCENTRATIONS. SPACE SHUTTLE HYDROGEN
AND OXYGEN SYSTEMS 8 BOTH GROUNr AND FLIGHT u WILL BE LARGE AND COMPLEX
AND WILL CONrAIN MANY PARTLY ISOLATED COMPARTMENTS AND OPERATIONALLY
INACCESSIBLE COMPONENTS. THESE SYSTEMS WILL EXIST AND OPERATE IN
AMBIENT CONDITIONS THAT RANGE ALL THE WAY FROM THE CLEAN QUIETNESS OF
SPACE VACUUM TJ THE DIRTY, NOISY, WINDY u SALT MOISTURE LADEN EARTH'S
SURFACE ATMOSPHERE OF THE KENNEDY SPACE CENTER. SYSTEM FUNCTIONS
WILL RANGE ALL THE WAY FROM THE STATIC STEADY STATE OF BULK STORAGE
TO THE HIGHLY DYNAMIC OPERATING STATE OF LARGE PITMPS q VALUES u AND
LINES GOING FROM NO-PLOW AMBIENT TEMPERATURES TO FLOWS UP TO 20
THOUSAND GALLONS PER MINUTE AT CRYOGENIC TEMPERATURES WITH START UP
CHILLDOWN LOSSES BY CHANGE OF STATE FROM LIQUID TO GAS AT THOUSANDS
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OF POUNDS PER ~INUTE. THE SYSTEMS WILL BE MONITORED AND CONTROLLED
BY REMOTELY LO:ATED OPERATORS BOTH MANUAL AND AUTOMATIC. THE SAFE
OPERATIONAL CONTROL OF THESE SYSTEMS WILL REQUIRE GOOD HYDROGEN FIRE
SENSORS AND HYDROGEN AND OXYGEN GAS SENSO~S. THE SENSORS MUST BE
INDIVIDUALLY INEXPENSIVE TO ACQUIRE, OPERATEpAND MAINTAIN BECAUSE
MANY WILL BE REQUIRED. THEY MUST BE RUGGED TO WITHSTAND THE
OPERATING ENVIRONMENT. THEY MUST BE SENSITIVE, DEPENDABLE, AND
ACCURATE TO PROVIDE THE INFORMATION NEED~D.
RTOP NO. 976-30-05 TITLE: SPACE SHUTTLE - ELECTRICAL POWER - MARK I
FUEl CELl DEVELOPMENT
ORGANIZATION: MANNED SPACECRAFT CENTER NASA ROAD 1 HOUSTON,
MONITOR: RICE, W. E. TEL. 713-483-5273
TECHNICAL SUMMARY
THIS EFFORf REPRESENTS A 12-MONTH CONTINUATION OF EXISTING
CONTRACTS WITH PRATT AND WHITNEY AIRCRAFT (NAS 9-11034) AND GENERAL
ELECTRIC COMPANY (NAS 9-11033) WITH THE OBJECTIVE OF ADVANCING THE
TECHNOLOGY OF rHE BASIC ELECTROLYTE FUEL CELL AND ACID FUEL CELL
RESPECTIVELY. PRIMARY OBJECTIVES OF BOTH PROGRAMS ARE TO IDENTIFY THE
PROBLEMS AND FJRMULATE THE SOLUTIONS REQUIRED TO DESIGN AND FABRICATE
A FUEL CELL HAVING A LIFE CAPABILITY OF 5000 HOURS. THE APPROACH
UTILIZED IN ACHIEVING THESE OBJECTIVES IS TO DEFINE A LOGICAL
TECHNICAL EXTENSION OF THE PRESENT (FY71) EFFORT, A 2000-HR.
OBJECTIVE, WHICH CONCENTRATES ON THE SPECIFIC LIMITING AREAS
IDENTIFIED IN THE PREVIOUS PROGRAM. THE SPECIFIC TECHNICAL TASKS ARE
FURTHER DIRECTED TOWARD DIRECT SUPPORT OF THE SPACE SHUTTLE
REQUIREMENTS BY MAINTAINING AN ACTIVE LIAISON EFFORT BETWEEN THE FUEL
CELL CONTRACTOR AND THE PRIME SHUTTLE CONTRACTOR.
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RTOP NO. 113-31-17 TITLE: SPACE SHUTTLE - CRYOGENIC STORAGE SYSTEMS
ORGANIZATION: MANNED SPACECRAFT CENTER NASA ROAD 1 HOUSTON u
MONITOR: CHANDLER, W. Ae TEL. 713-483-4771
TECHNICAL SUMMARY
THE SPACE SHUTTLE WILL REQUIRE CRYOGENIC STORAGE SYSTEMS FOR
BOOST. MANEUVERING AND REACTICN CONTROL PROPULSION, FUEL CELL AND
AUXILIARY POWER, AND ENVIRONMENTAL CONTROL/LIFE SUPPORT FUNCTIONS.
THE STORAGE SYSTEMS MUST SUPPLY CONDITIONED FLUIDS FOR UP TO 7 DAYS
AND SATISFY THE SHUTTLE REQUIREMENTS OF COMPLETE REUSABILITY, LOW
COST, MINIMUM MAINTENANCE AND MAXIMUM SAFETY. PRESENT TECHNOLOGY IS
INADEQUATE TO MEET THESE REQUIREMENTS. THEREFORE, SELECTED CRITICAL
PROGRAMS WERE INITIATED IN FY71 TO SATISFY THESE DEFICIENT
TECHNOLOGICAL AREAS AND WILL BE CONTINUED WITH FY72 FUNDS. OTHER
CRITICAL PROGRAMS WILL BE INITIATED BY THIS RTOP. THE OVERALL
PROGRAM OBJECTIVE IS TO PROVIDE THE CRYOGENIC SYSTEM TECHNOLOGY
NECESSARY TO MEET ALL THE OBJECTIVES FOR A LOW COST REUSABLE SHUTTLE
VEHICLE.
RTOP NOo 908-52-37 TITLE: SPACE SHUTTLE CRYOGENIC TECHNOLOGY
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER Q HUNTSVILLE~ ALA.
MONITOR: , WORLUND, A. L. TEL. 205-453-3853
TECHNICAL SUMMARY
THIS PLAN ~ILL PROVIDE TECHNOLOGY TO PROVIDE CONSISTENT DESIGN
CRITERIA AND CONCEPTS FOR EFFICIENT UTILIZATION AND CONTROL OF
CRYOGENS ABOARD THE SPACE SHUTTLE VEHICLE. EFFORTS PERFORMED UNDER
THIS RTOP WILL ESTABLISH THE DESIGN AND SUBSYSTEM INTEGRATION
CRITERIA AND H~RDWARE FEASIBILITY NECESSARY TO MINIMIZE PERFORMANCE
DEVIATION WITH EXTENDED OPERhTIONAL LIFE AND REUSE. THE EFFORTS
PERFORMED UNDER THIS RTOP WILL SUSTAIN INVESTIGATIONS OF NEW CONCEPTS
AND TECHNIQUES THROUGH ANALYSIS, PRELIMINARY DESIGN, AND TEST~NG.
NINE TASKS ARE IDENTIFIED WHICH HAVE THE POTENTIAL TO PROVIDE
PROPELLANTS INDEPENDENT OF THE VEHICLE ACCELERATION FIELD v MINIMIZE
PROPELLANT BOILOFF LOSSES, INCREASE COMPONENT PERFORNANCE AND LIFE u
AND ASSURE MINIMUM CONSTRAINTS WHILE LOADING CRYOGENIC FEEDtINES.
SPECIFICALLY# rHESE TASK PROVrDE FOR INVESTIGATING ZERO G FLUID
RETENTION DEVICES g REUSABILITY OF MULTILAYER INSULATION v L82 INTERNAL
TANK INSULATION, COMPONENT LIFE TEST METHODOLOGY, VACUUM JACKETED
DUCTING v SPACE LOX VENT SYSTEM~ LONG LIFE VkLVE DESIGNS,
"ZERO-LEAKAGE'! SEALS, AND FEEDLINE GEYSE~ SUPPRESSION. CONTRACTED
EFFORTS ARE PLANNED TO BE COMPLEMENTED BY IN-HOUSE EFFORTS. FY-72
FUNDING PLAN IS 1250K.
RTOP NO. 908-52-47 TITLE: UPPER ATMOSPHERE POLLUTION DUE TO SHUTTLE
OPEFATIDNS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALABAMA
MONITOR: DEVRIES, L. L. TEL. 205-453-3108
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS TASK ARE TO EXAMINE THE POTENTIAL OF
SHUTTLE OPERATIONS TO CONTRIBUTE TO UPPER ATMOSPHERIC POLLUTION,
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BOUND THE PROBLEMS IF ANY OF SIGNIFICANCE ARE FOUND~ AND OUTLINE AN
INVESTIGATIVE ~PPROACH IF NECESSARY. THROUGH F,XPLORATORY STUDY AND
ANALYSIS, POTENTIAL SOURCES OF UPPER ATMOSPHERIC POLLUTION DUE TO
SHUTTLE OPERATIONS WILL BE IDENTIFIED AND POSSIBLE APPROACHES FOR
ALLEVIATION OF SUCH POLLUTION WILL BE INVF.STIGATED. THERE ARE A
NUMBER OF POTENTIAL ENVIRONMENTAL EFFECTS WHICH COULD BE CAUSED BY
SHUTTLE OPERATIONS g INCLUDING CLOUD FORMATION (ICE CRYSTALS) IN THE
STRATOSPHERE 6 EXCESSIVE STRATOSPHERIC INCREASES IN CARBON DIOXIDE AND
WATER VAPOR 6 CHANGES IN OZONE CONCENTRATION, EXCESSIVE DISPERSION OF
PARTICULATE MATTER IN THE STRATOSPHERE, INTFODUCTION OF GASEOUS
POLLUTANTS (CARBJN MONOXIDE, NITROGEN OXIDES, SULPHER OXIDES v
HYDROCARBONS) INTO THE ATMOSPHERE v AND INTRODUCTION OF POLLUTANTS
INTC THE AIR IN THE AREA ,SURROUNDING LAUNCH SITES. THE FIRST PHASE
OF THIS PROGRAM WILL BE TO IDENTIFY THE TOTAL QUANTITY AND PHYSICAL
AND CHEMICAL PROPERTIES OF THE COMBUSTION PRODUCTS AS A FUNCTION OF
ALTITUDE. ESTIMATES WILL BE MADE OF THE LIFE HISTORY OF EACH PRIMARY
COMBUSTION BY-PRODUCT AND ANY SECONDARY PRODUCTS FROM THE TIME OF
ATMOSPHERIC INJECTION UNTIL THEY ARE DEPOSITED ON THE EARTH~S
SURFACE. THE ENVIRONMENTAL EFFECTS OF THIS POLLUTION WILL BE
DETERMINED TO IDENTIFY POTENTIAL ENVIRONMENTAL HAZARDS AND TO
DETERMINE POSSIBLE APPROACHES FOR ALLEVIATION OF SUCH HA7.ARDS.IF
SIGNIFICANT PRJELEM AREAS ARE IDENTIFIED u AN INVESTIGATIVE PROGRAM
WILL BE OUTLINED TO PROVIDE DEFINITIVE ANSWERS TO POSSIBLE
ENVIRONMENTAL QUESTIONS.
RTOP NO. 908-52-47 TITLE: SHUTTLE - ENVIRONMEN~ POR DESIGN r TEST
AND MISSION ANALYSIS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: VAUGHAN~ W. W. TEL. 205-453-3106
TECHNICAL SUMMARY
THE SHUTTLE WILL OPERATE IN THE EARTHfS ATMOSPHERE FROM NEAR THE
SURFACE OF THE EARTH TO ORBITAL ALTITUDES. INITIAL ESTIMATES OF THE
DESIGN CRITERIA HAVE BEEN FORMULATED e COORDINATED WITH MSC AND KSC u
AND PUBLISHED AS A LEVEL II SHUTTLE SYSTEM REQUIREMENT FOR PHASE B
WORK. CONTRACTORS AND NASA ITERATIONS, TRADE-OFF STUDIES, AND
VARIATIONS ON rHE DESIGN GUIDELINES HAVE CREATED A CONTINUOUS NEED
FOR RFDEFINITIJN AND FORMULATICN OF ENVIRONMENTAL INFORMATION AND
GUIDELINES IN :ONSISTENT ENGINEERING TERMS. ALL ASPECTS OF THE
SHUTTLE PROGRAM DEVELOPMENT DEPEND UPON THIS INTERFAC~ ACTIVITY IN
THE NATURAL ENVIRONMENT AREA IN ORDER THAT TIMELY AND PROPER RESPONSE
MAY BE MADE TO ALL INQUIRIES. IN MANY CASES THESE INPUTS MUST BE
ANTICIPATED BASED ON AVAILABL~ SHUTTLE DESIGN TEST AND OPERATIONAL
PLANS TO PROVIDE ADEQUATE LEAD TIME TO ACQUIRE THE PROPER DATA.
SCIENTIFIC-ENGINEERING TALENTS AT MSFC HAVE ESTABLISHED A RESPONSIVE
RELATIONSHIP TO MSFC, MSC, AND KSC PLUS THEIR PRIME SHUTTLE
CONTRACTORS ON THIS SUBJECT. THIS INCLUDES PROVIDING CONSISTENT
MODELS, TEST SUPPORT PLANNING, OPERATIONAL ANALYSIS, SPECIFIC DESIGN
STUDY INTERPRETATIONS AND DEFINITIONS. THIS IS A CONTINUING ENDEAVOR
WHICH REQUIRES INHOUSE SCIENTIFIC-ENGINEERING INTERFACE TALENTS
SUPPorTED BY PROVISIONS FOR DATA RESOURCE ACQUISITION PLUS SUPPORTING
ANALYSIS USING OTHER GOVERNMENT AGENCIES AND CONTRACTOR TALENTS.
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THIS WORK MUST BE CONTINUED TO AVOID COSTLY ERRORS ON ENVIRONMENT
INPUTS TO THE SHUTTLE DEVELOPMENT AS REFLECTED BY ALL OTHER SHUTTLE
RELATED RTOpuS~ PRIME CONTRACTS g AND INHOUSE NASA EFFORTS.
RTOP NO. 908- 62-09 TITLE: SPACE SHUTTJJE ABORT AND SAFETY
ORGANIZATION: JOHN F. KENNEDY SPACE CENTER KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD. S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
THIS RTOP IS FOR WORK RELA~ED TO SPACE SHUTTLE OPERATIONS
SAFETY. BOTH rilE GENERAL PUBLIC AND ITS PROPERTY AND GOVERNMENT
PERSONNEL AND PROPERTY ARE INVOLVED. ENGINEERING INVESTIGATIONS WILL
BE MADE TO IDENTIFY AND TECHNICALLY DEFINE THE HAZARDS ATTENDANT TO
OPERATIONS OF PROPOSED SPACE SHUTTLE CONFIGURATIONS. THESE HAZARDS
WILL BE EVALUATED AGAINST VARIOUS EXISTING RISK CRITERIA, DEVELOPMENT
COSTS, OPERATING COSTS, AND SCHEDULES TO IDENTIFY THE OPTIMUM
APPROACH {DESIGN CHAN GE qOPER ATION CHANGE l' OR COMBINATION} TO BRING
THE RISK WITHIN ACCEPTABLE LI~ITS. WHERE EXISTING CRITERIA ARE
INADEQUATE, THIS RTOP PROVIDES FOR ANALYSES AND TESTS TO PRODUCE DATA
NECESSARY TO ESTABLISH THE NEW CRITERIA NEEDED. AMONG THE SPECIFIC
AREAS OF SAFETY CONCERN FOR INVESTIGATION DURING FISCAL YEAR 1912
UNDER THI S RT OF ARE: (1) EMERGENCY EGRESS OF PER SONNEL FROM THE
SPACE SHUTTLE AND ADJACENT WORK AREAS DURING ALL GROUND OPERATIONS,
(2) SAFETY CRITERIA FOR DESIGN AND OPERATIONS OF FACILITIES AND
EQUIPMENT FOR ALL GROUND MOVEMENTS AND HANDLING OF THE SPACE
SHUTTLE, AND (3) OVERFLY SAFETY REQUIREMENTS FOR PROPOSED LAUNCH AND
LANDING SITES.
RTOP NO. 908-62-17 TITLE: SHUTTLE FLIGHT PREPARATION
ORGANIZATION: JOHN F. KENNEDY SPACF CRNTER KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD, S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
THIS RTOP ENCOMPASSES THOSE TECHNOLOGIES WHICH MUST BE ADVANCED
TO ENABLE ATTAINMENT OF COST EFFECTIVE RAPID PREPARATION, TURNAROUND
AND VERIFICATION OPFRATIONS AT THE LAUNCH SITE AND FERRY LANDING
SITES. IN ~DDrTION TO EFFICIENT HANDLING AND OPERATIONS TO CARRY OUT
MORE ROUTINE TURNAROUND OPERATIONS q EFFICIEN~ FLIGHT READINESS
VERIFICATION TECHNIQUES ARE ESSENTIAL FOR SUCCESSFUL LAUNCH !ND
MISSION OPERATIONS. MANY FACTORS CONTRIBUTE TO THE DIFFICULTY OF
DETERMINING v WITH ASSURANCE v THAT SUB-SYSTEMS AND COMPONENTS WHICH
MAKE UP THE SPACE SHUTTLE SYSTEM v ARE IN FACT IN A CONDITION
ACCEPTABLE FOR USE/REUSE. SEVERAL AREAS OF TECHNOLOGY IN WHICH
INVESTIGATION IN FY 72 IS PLANNED ARE: (1) MECHANICAL SYSTEMS
READINESS ASSESSMENT, (2) STRUCTUBAL INTEGRITY ASSESSMENT, (3)
REDUNDANCY CHE:KOUT TECHNIQUES, (4) FAILURE PREDICTION AND ANALYTICAL
METHODS, AND (5) TEST AND FIJIGHT ENGINEER ORIF.NTED COMl?1J'I'ER L ANGUAGE4
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RTOP NO. 908-62-32 TITLE: GROUND OPERATIONS TECHNIQUES
ORGANIZATION: JOHN F. KE~NEDY SPACE CENTER KENNEDY SPACE CENTER
MONITOR: BEDDINGFIELD, S. T.TEL. 305-867-5660
TECHNICAL SUMMARY
ENGINEERING AND OPERATIONS INVESTIGATIONS ARE TO BE MADE TO
FURTHER DEVELOP GROUND OPERATIONS TECHNIQUES FOR SPECIFIC APPLICATION
TO SPACE SHUTTLE TURNAROUND. THESE TECHNIQUES WILL BE EVALUATED
AGAINST DESIRED CRITERIA AND TECHNIQUES ESTIMATED TO BE REQUIRED TO
ACHIEVE THE RAPID TURNAROUND OF THE SHUTTLE, AND THE PRESENT
TECHNIQUES WHICH HAVE BEEN DEVELOPED FOR NASA AND DOD SPACE VEHICLES.
WHERE EXISTING ENGINEERING INFORMATION AND OPERATIONAL METHODS AND
CRITERIA ARE INSUFFICIENT, THIS RTOP PROVIDES FOR INVESTIGATIONS,
ANALYSES, AND TESTS TO ESTABLISH THE NEEDED METHODS AND CRITERIA.
SPECIFIC AREAS OF GROUND OPERATIONS TECHNIQUES TO BE INVESTIGATED
UNDER THIS RTOP INCLUDE: (1) LEAK DETECTION OF FLUIDS AND GASES 11
(2) HANDLING OF PROPELLANTS AND GASES, (3) PAYLOAD HANDLING, (4)
AIRLINE OPERATIONS, MAINTENANCE AND SAFETY APPLICATIONS, AND (5)
SCHEDULING AND CONTROL SYSTEMS.
RTOP NO. 908-72-47 TITLE: SHUTTLE SONIC BOOM StUDY
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE WORK UNDER THIS RTOP WILL PROVIDE A TECHNOLOGY BASIS FOR AN
UNDERSTANDING JF SHUTTLE SONIC EOO~ SIGNATURES. EXISTING SONIC BOOM
TECHNOLOGY, AS DEVELOPED FOR AIRCRAFT, APPLIES PRIMARILY TO STEADY,
LEVEL FLIGHT OF HIGH FINENESS RATIO VEHICLES AT LOW ANGLES OF ATTACK
AT ~LTITUDES OF LESS THAN 100,000 FFET AND AT MACH NUMBERS LESS THAN
3.0. THE SHUTTLE9S UNIQUE CHARACTERISTICSOFRELATIVELY LOW FINENESS
RATIO VEHICLES AT LARGE ATTITUDES, STEADILY DECELERATING FROM AN
ALTITUDE OF AB)UT 400,000 FEE! WITH INITIAL MACH NUMBERS IN EXCESS OF
25 ESTABLISHES THE NEED FOR A CONCENTRATED TECHNOLOGY DEVELOPMENT
PROGRAM TO PROVIDE THE MEANS OF OBTAINING REALISTIC PREDICTIONS OF
SHUTTLE BOOM SIGNATURES. ONCE THIS CAPABILITY IS AVAILABLE,
OPERATIONAL STUDIES WILL BE CONDUCTED TO DEFINE TECHNIQUES FOR
ALLEVIATING THE OVERPRESSURE LEVELS AND/OR CONTROLLING THE LOCATION
OF THE BOOM FOOTPRINT WITHIN RESTRICTED AREAS.
RTOP NO. 113-31-02 TITLE: SPACE SHUTTLE AUXILIARY PROPULSION
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: NORED, D. L. TEL. 216-433-6916
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE IMPROVEMENTS IN THE
TECHNOLOGY ~F ENGINE COMPONENTS FOR THE AUXILIARY PROPULSION SYSTEM
OF THE SPACE SHUTTLE. THE MAJOR PORTION OF THIS WORK WILL BE DEVOTED
TO ADVANCEMENTS IN THE THRUSTER ASSEMBLY w INCLUDING THE INJECTOR?
THRUST CHAMBER, IGNITER, AND VALVES. THE OPERATING CONDITIONS FOR
. . "
THE EXPERIMENT~L WORK ARE SELECTEDTO FIT THE PARTICULAR REQUIREMENTS
OF THE SPACE SHUTTLE. THIS INCLUDES OPERATION WITH GASEOUS
HYDROGEN/GASEOUS OXYGEN PROPELLANTS AT THRUST LEVELS IN THE RANGE
FROM 1500-2000 POUNDS, CHAMBER PRESSURES FROM 100-500 PSIA, AND
APPROPRIATE RANGES OF PROPELLANT INLET PRESSURES AND TEMPERATURES.
POINT DESIGN, NEAR-FLIGHT WEIGHT INTEGRATED THRUSTER ASSEMBLIES WILL
BE FABRICATED lND TESTED TO PROVIDE AN EVALUATION OF OVERALL
PERFORMANCE (B~TH PULSING AND STEADY-STATE) g THRUSTER LIFE v AND
OPERATING CHARACTERISTICS FOR TYPICAL DUTY CYCLES. OTHER PROGRAMS
RELATING TO THE SUPPLY AND REGULATION OF THE PROPELLANTS FED TO THE
ATTITUDE CONTRJL ENGINES AS WELL AS MORE BASIC PROGRAMS TO EVALUATE
CRITICAL PROBLEM AREAS IN COMBUSTION g VALVES AND IGNITION DEVICES ARE
INCLUDED.
RTOP, NO. 908-~2-03 TITLE: SPACE SHUTTLE - PROPULSION
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: BDCHANAN, M. C. TEL. 713-483-5189
TECHNICAL SUMMARY
MANUFACTURE VARIOUS SEALS FROM MATERIALS WHICH HAVE BEEN
SELECTED FROM PREVIOUS DEVELOPMENT CONTRACTS, ALSO FROM PROMISING NEW
MATERIALS. IT"ALSO SHOULD BE CONSIDERED TO SYNETHESIS ADDITIONAL NEW
MATERIAL FOR SEAL TESTING. THESE SEALS WILL BE USED IN STATIC AND
DYNAMIC _APPLICATIONS IN BOTfr LIQUID OXYGEN AND LIQUID HYDROGEN. A
SELECTION WILL BE MADE FROM PBOMISING NEW MATERIALS FOR USE IN
FURTHER TESTING. THESE MATERIALS WILL BE FABRICATED INTO DIFFERENT
DESIGNS AND TESTED TO DETERMINE THEIR FUNCTIONAL CHARACTERISTICS.
RTOP NO. 908-72-14 TITLE: EVALUATION OF PYROTECHNIC SYSTEMS FOR
SPACE SHUTTLE AND SPACE STATION
ORG~NIZATION: LANGLBY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: NELSON, C. H~ TEL~ 7Q3-821-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS FTOP IS TO DEVELOP AND EVALUATE TECHNOLOGY
FOR NEW AND IMPROVED EXISTING PYROTECHNIC SYSTEMS FOR USE ON SPACE
SHUTTLE AND SPACE STATION MISSION. THE STUDY WILL INCLUDE THE
APPLICABILITYJF PYROTECHNIC SYSTEMS TO THE PERFORMANCE OF MANY
FUNCTIONS ON SPACE SHUTTLE, AND POSSIBLY A FOLLOW-ON CONCEPT
DEMO~ST~ATION PROGRAM. "
ORGANIZATION: MARSHALL
MONITOR:
TECHNICAL SUMMARY
RTOP NO. 976-30-04 TITLE: SPACE SHUTTLE AUXILIARY PROPULSION
SUESYSTEM
SPACE FLIGHT CENTER, ALA' 9 35812
TEL. 205-453-3845
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THE OBJECTIVE OF THIS RTOI' IS THE ESTABLISHMENT OFTHE TECHNOLOGY
BASE COMPLEMENrARY OF THAT BEINGDEVELOPED UNDER RTOP 731-13-48 AND
THE MANNEDSPACE FLIGHT CENTER AUXILIARY PROPULSION SYSTEMTECHNOLOGY
PROGRAM. THE FY72 EFFORT WILL CONTINUETHE LIQUID HYDROGEN (LH2) AND
LIQUID OXYGEN (L02)TURBOPUMP ASSEMBLIES (TPA) TECHNOLOGY
DEVELOPMENT. CONCEPT SCREENING, DETAIL DESIGN, FABRICATIONvTESTING~
HARDWARE DELIVERIES AND TECHNICAl, SUPPORTFOR NASA INHOUSE APS TESTING
WILL BE PROVIDED BYINDUSTRY UNDER MSFC CONTRACT. ADVANCEDDEVELOPMENT
WILL PROVIDE AM EARLY IDENTIFICATIONAND SOLUTION OF POTENTIAL
CRITICAL TPA PROBLEMAREAS.
RTOP NO. 976-30-04 TITLE: ATTITUDE CONTROL PROPULSION
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: PORL, H. O. TEL. 713~483-4971
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO IMPROVE THE REACTION CONTROL
SYSTEM (RCS) DEVELOPMENT POSTURE FOR THE SPACE SHUTTLE BY ACQUIRING
COMPONENT DESIGN AND OPERATING DATA WHICH WILL SUPPORT AND BE
DIRECTLY APPLICABLE TO THE PHASE C AND EARLY PHASE D MAINSTREAM
VEHICLE EFFORTS. THE PROGRAMS TO BE ACCOMPLISHED UNDER THIS RTOP
WILL BE FOCUSED ON THE ANALYSIS F DESIGN, DEVELOPMENT AND FABRICATION
OF REALIS~IC AND REPRESENTATIVE PROPELLANT CONDITIONING COMPONENTS
FOR A HIGH PRESSURE OXYGEN-HYDROGEN RCS BREADBOARD TEST SYSTEM.
SPECIFIC PROGRAMS WILL BE INITIATED TO DEVELOP GAS
GENERATOR/TORBOPUMP ASSEMBLIES, AND GAS GENERATOR/HEAT EXCHANGER
ASSEMBLIES FOR BOTH OXYGEN AND HYDROGEN BASED UPON BEST CURRENT
JUDGMENTS OF SHUTTLE RCS REQUIREMENTS. PROGRAMS WILL BE INITIATED TO
DEVELOP PRESSURE REGULATORS AND MASS FLOW REGULATORS FOR BOTH
HYDROGEN AND OXYGEN. A PROGRAM WILL ALSO BE INITIATED TO STUDY
OVERALL PROPELLANT CONDITIONING SYSTEM CONTROLS, ESPECIALLY AS THEY
RELATE TO CONTROL OF THE GAS GENERATORS. TO CONSOLIDATE THESE
HARDWARE DEVELOPMENT AND FABRICATION PROGRAMS, A PROGRAM WILL BE
UNDERTAKEN TO DESIGN AND BUILD UP A BREADBOARD TEST SYSTEM AT MSC IN
WHICH THE PROPELLANT CONDITIONING ASSEMBLY COMPONENTS CAN BE OPERATED
AND EVALUATED IN A SEPARATE COMPONENT OR COMPLETE ASSEMBLY BASIS.
THE DATA AND I~FORMATION FROM THESE SIX PROGRAMS WILL PERMIT EARLY
IDENTIFICATION AND CONSIDERATION OF COMPONENT AND SYSTEM DESIGN
PROBLEMS BY NASA AND THE PRIME VEHICLE CONTRACTOR, AND WILL INSURE
THAT ASSIGNED JR IMPLIED COMPONENT AND SYSTEM FUNCTIONAL REQUIREMENTS
ARE CONSISTENT WITH REALISTICALLY ACHIEVABLE GOALS.
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TITLE: HIGH TEMPERATURE METALS FOR SPACE SHUTTLE
RESEARCH CENTER 21000 BROOKPARK ROAD
R. W. TEL. 216-433-4000
RTOP NO. 114-03-30 TITLE: SPACE SHUTTLE: ENVIRONMENTAL TESTING OF
THERMAL-PROTECTION MATERIALS
ORGANIZATION: ~MES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: GOODWIN v G. TEL. 415-961-2265
TECHNICAL SUMMARY
THIS PROGR~M WILL ENCOMPASS A NUMBER OF WORK AREAS DEALING WITH
THE EFFECTS OF THE ENTRY ENVIRONMENT ON CANDIDATE THERMAL-PROTECTION
AND SKIN MATERIALS FOR SPACE SHUTTLE g WITH A COMMON GOAL OF
EVALUATING THE OXIDATION SUSCEPTIBILITY AND RESULTING EFFECT ON THE
MECHANICAL AND OPTICAL PROPERTIES OF THESE MATERIALS. OXIDATION
EXPERIMENTS WILL BE RUN IN HIGH-TEMPERATURE ENVIRONMENTAL CHAMBERS
WITH ATOMIC OXYGEN GENERATORS TO PROVIDE REACTIVE SPECIES APPROPRIATE
FOR SHUTTLE THERMAL-ENVIRONMENT CONDITIONS. MECHANICAL PROPERTY
EXPERIMENTS WILL BE RUN WHICH INCORPORATE ENVIRONMENTAL SIMULATION g
TENSILE TESrS g AND APPROPRIATE ~ETALLURGICAL6 CHEMICAL AND PHYSICAL
PROPERTY MEASUREMENTS.
RTOP NOe 114-03-30
ORGANIZATION: LEWIS
MONITOR: HALL v
TECHNICAL SUMMARY
THIS PROGRAM INVOLVES CONTINUED DEVELOPMENT OF METALLIC
MATERIALS FOR POSSIBLE USE IN THE HIGH TEMPERATURE REGIONS OF HEAT
SHIELDS FOR SPACE SHUTTLE VEHICLES. THE PROGRAM INCLUDES THE
DEVELOPMENT OF BOTH DISPERSION STRENGTHENED NICKEL-CHROMIUM ALLOYS
(NI-CR-THO) AND COATED REFRACTORY METALS (COLUMBIUM AND TANTALUM
ALLOYS). THE MAJOR OBJECTIVES OF THE PROGRAM ARE: 1. TO COMPLETE
THE DEVELOPMENr AND SCALE-UP OF FABRICATION PROCESSES FOR AN ADVANCED
NI-CR-THO ALLOY. 2. TO COMPLETE THE DEVELOPMENT OF RELIABLE FORMING
AND JOINING PRJCESSES FOR NI-CR-THO ALLOYS. 3. TO CONTINUE
DEVELOPMENT OF IMPROVED JXIDATION-RESISTANT COATINGS AND PRODUCTION
PROCESSES FOR BOTH COLUMBIUM AND TANTALUM ALLOY HEAT SHIELDS.
RTOP NO. 114-03-32 TITLE: SHUTTLE LUBRICATION g BEARINGS AND SEALS·
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: JOHNSON g R. L. TEL. 216-433-4000
TECHNICAL SUMMARY
MATERIALS AND LUBRICANTS SELECTION, DEVELOPMENT, DESIGN g THEORY,
ANALYSIS AND EXPERIMENTATION OF BEARINGS AND SEALS WILL BE PERFORMED
UNDER EXTREME :ONDITIONS ASSOCIATED WIT~ CAl ENGINE AND (B) VEHICLE
COMPONENTS SUBJECT TO LUBRICATION g FRICTION, WEAR AND HYDRAULICS
PROBLEMS. COMPJNENTS MUST FUNCTION IN CRYOGENICS g AFTER EXPOSURE TO
VA:UUM, AND IN AIR AT EXTREME ~EMPERATUBES. ROLLING ELEMENT BEARINGS
AND FACE TYPE SEALS FOR HYDROGEN PUMPS OF SHUTTLE ENGINES WILL BE
OPERATED UNDER CONDITIONS SIMULATING PROBLEM AREAS. VEHICLE FRAME
CONTROL BEARINGS, HYDRAULIC FLUIDS. AND SEALS FOR ACTUATION SYSTEMS
OF FLIGHT CONTROL SURFACES WIL1 BE STUDIED. MINIMUM WEIGHT,
EFFICIENCY AND EXTENDED LIFE ARE ESSENTIAL.
RTOP NO. 114-03-32 TITLE: BEARINGS, LUBRICANTS, AND SEALS FOB. SPACE
SHUTTL E
ORGANIZATION: ~FO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
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MONITOR: DEMOREST, K. E. TEL. 205-453-3536
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PLAN IS TO PROVIDE SOLUTIONS TO THE
PROBLEMS OF LUBRICATING BEARING SYSTEMS AND OTHER COMPONENTS FOR LONG
LIFETIMES IN THE VARIETY OF ENVIRONMENTS WHICH WILL BE ENCOUNTERED BY
SHUTTLE SPA:ECRAFT. EARLY ORBITAL FLIGHTS OF BOTH SATELLITES AND
MANNED SPACECRAFT HAVE HAD LUBRICATION SYSTEMS THAT WERE EITHER
COMPLETELY SEALED OR THAT HAD RELATIVELY SHORT LIFE REQUIREMENTS.
EVEN SUCH SPACECRAFT AS THE APOLLO TELESCOPE MOUNT AND THE ORBITAL
WORKSHOP HAVE LIMITED LIFE REQUIREMENTS WHICH ARE WITHIN THE PRESENT
STATE-OF-THE-ART. IT IS INTENDED TO ACCOMPLISH THE ABOVE OBJECTIVE
BY THE CONTINUED DEVELOPMENT OF FLUID AND DRY LUBRICANTS AND BY THE
DEVELOPMENT OF SPECIAL DESIGNS FOR SLIDING AND ROLLING ELEMENTS WHICH
WILL MEET THE LIFE AND ENVIRONMENTAL REQUIREMENTS POSED BY THESE
ADVANCED SYSTEMS.
RTOP NO. 114-03-33 TITLE: STRUCTURAL COMPOSITE MATERIALS FOR SPACE
SHUTTLE
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: HALL, R. W. TEL. 216-433-4000
TECHNICAL SUMMARY
THE PRINCIPAL OBJECTIVE IS TO ESTABLISH THE CHARACTERISTICS OF
AND TO OBTAIN DESIGN INFORMATION FOR CERTAIN ADVANCED FIBER/POLYMER
MATRIX SYSTEMS THAT ARE APPLICABLE TO SPACE SHUTTLE STRUCTURES. THE
HIGH STRENGTH TO WEIGHT RATIOS AND THE HIGH MODULUS TO WEIGHT RATIOS
OF THESE SYSTE~S OFFER CONSIDERABLE PROMISE FOR REDUCING THE
STRUCTURAL WEIGHT OF THE SHUTTLE SYSTEM AND THUS INCREASING THE
PAYLOAD. A NEW HIGH STRENGTH, HIGH MODULUS ORGANIC FIBER WILL BE
FURTHER INVESTIGATED AS A FILAMFNT WINDING MATERIAL IN ADDITION TO A
POLYIMIDE/GLASS FIBER SYSTEM FOR INCREASED TEMPERATURE CAPABILITY.
IN ADDITION, ADHESIVE SYSTEMS WILL BE INVESTIGATED TO PROVIDE BETTER
BOND STRENGTH JVER A WIDER TEMPERATURE RANGE.
RTOP NO. 114-03-33 TITLE: STRUCTURAL. COMPOSITE MATERIALS FOR SPACE
SHUTTLE
ORGANIZATION: ;EO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
MONITOR: LAIACONA, F. P. TEL. 205-453-5516
TECHNICAL SUMMARY
THE OBJECT OF THIS PROGRAM IS TO DEVELOP TECHNIQUES FOR
FABRICATING FIBER REINFORCED ALUMINUM COMPOSITES INTO STRUCTURAL
SHAPES (TUBES, I-BEAMS, HAT SECTIONS, "Til-SECTIONS, Z SECTIONS, ETC.)
BY MEANS OF A CONTINUOUS PROCESS. THE PRIMARY OBJECTIVE IS THE
REDUCTIO~ OF METALLIC COMPOSITE FABRICATION COSTS AS WELL AS
DEVELOPING A MaRE RELIABLE AND DESIRABLE METHOD OF FABRICATING
METALLIC COMPOSITE COMPONENTS. THE APPROACH WILL BE TO EVALUATE
PROCESSES FOR PRODUCING BORON-ALUMINUM COMPOSITES WHICH APPEAR
ADAPTABLE FOR ~SE IN A CONTINUOUS PROCESS. NECESSARY PROCESSING
PROCEDURES WILL BE INVESTIGATED AND TECHNIQUES DEVELOPED FOR
PRODUCING A VARIETY OF STRUCTURAL SHAPES. A MECHANICAL EVALUATION
WILL BE MADE OF THE DEVELOPED COMPOSITES SO THAT FINAL FABRICATING
TECHNIQUES CAN BE ESTABLISHED AND EXPECTED MECHANICAL PROPERTIES OF
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THE VARIOUS STRUCTURAL SHAPES CAN BE DEVELOPED. THE TECHNIQUES
DEVELOPED SHALL ALSO BE INVESTIGATED FOR APPLICATION TO OTHER TYPE OF
FIBER REINFORCED ALUMINUM COMPOSITES.
RTOP NO. 114-03-34 TITLE: DESIGN PROPERTIES OF MATERIALS
(EVALUATION OF SOFTGOODS)
ORGANIZATION: GEO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
MONITOR: WOOD, T. E. TEL. 205~453-1231
TECHNICAL SUMMARY
TO STUDY THE PERFORMANCE OF RUBBER SOFT GOODS WHICH MUST BE USED
FOR SEALS v BLADDERS, O~RINGS, DIAPHRAGMS, GASKETS, ADHESIVES, AND
RELATED APPLICATIONS AS EFFECTED BY EXTREME CYCLIC VARIATIONS IN THE
SHUTTLE VEHICLE FLIGHT ENVIRONMENT u COUPLED WITH THE REUSABILITY,
RELIABILITY AND QUICK TURN-AROUND REQUIREMENTS. IT IS PROPOSED TO
EXPOSE CANDIDATE RUBBER MATERIALS IN BOTH TYPICAL END-USE
CONFIGURATIONS AND STANDARD TEST CONFIGURATIONS TO CYCLIC THERMAL AND
PRESSURE ENVIRJNMENTS COMPARABLE TO ANTICIPATED SHUTTLE ENVIRONMENTS
AND MONITOR SUCHPARAMETERS AS COMPRESSION SET, STRESS RELAXATION,
AGING· BEHAVIOR, EMBRITTLEMENT, STRENGTH CHANGES, HARDNESS, AND OTHER
ATTRIBUTES WHI:H DICTATED THE SELECTION AND SUITABILITY OF THE
MATERIALS FOR THE GIVEN APPLICATION.
RTOP NO. 114-03-35 TITLE: MATERIALS ENVIRONMENTAL COMPATIBILITY FOR
SPACE SHUTTLE
ORGANIZATION: ;EO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
MONITOR: CATALDO, C~ E. TEL. 205-453-1278
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS STUDY IS· TO DETERMINE THE EFFECTS OF
VARIOUS ENVIRO~MENTS ANTICIPATED DURING FABRICATION f STORAGE AND
FLIGHT OF THE SHUTTLE ON STRUCTURAL MATERIALS r BOTH WITH RESPECT TO
SHORT TERM EFFECTS AND LONG LIFE EFFECTS. WHILE ALL ANTICIPATED
ENVIRONMENTS CANNOT BE INVESTIGATED UNDER THE SCOPE OF THIS PROGRAM,
SEVERAL SPECIFIC STUDIES ARE TO BE MADE WHEREIN MATERIALS PROBLEMS
HAVE BEEN IDENTIFIED. THE STUDIfS COVERED UNDER THIS RTOP INCLUDE THE
EFFECTS OF HIGH PRESSURE GASEOUS HYDROGEN ON MATERIALS, THE
FLAMMABILITY CHARACTERISTICS OF MATERIALS IN OXYGEN g CORROSION
SUSCEPTIBILITY AND OUTGASSING CHARACTERISTICS-OF NON-METALLIC
MATERIALS. THREE STUDIES ALREADY UNDERWAY WILL BE CONTINUED WITH
DIFFERENT EMPHASIS AND ONE ADDITIONAL TASK WILL BE IMPLEMENTED.
RTOP NO. 114-03-36 TITLE: SPACE SHUTT~E: ~XTERNAL INSULATION
ORGANIZATION: AMES RESEARCH CENTER MOFPETT FIELD, CALIFORNIA
MONITOR: GOODWIN, G. TEL.· 415-961-2265
TECHNICAL SUMMARY .
THE OBJECTIVE OF THIS PROJECT IS TO DETERMINE: (1) THE MATERIAL
PROPERTY CHANGES OF THE INGREDIENTS OF THIS CLASS OF MATERIALS AS
THEY ARE PROCESSED AND SUBSEQUENTLY EXPOSED TO THE SHUTTLE ASCENT AND
ENTRY ENVIRON~ENT, AND (2} HOW THESE CHANGES RELATE TO THE THERMAL
PERFORMANCE AND RELIABILITY OF THIS CLASS OF THERMAL PROTECTION
SYSTEMS. SILI:A, MULLITE AND ZIRCONIA SYSTEMS WILL BE STUDIED IN
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TITLF: EXTERNAL INSULATION FOR SHUTTLE
RESEARCH CENTER 21000 BROOKPARK ROAD
Re W. TEL. 216-433-4000
THEIR CURRENT STATUS TO PROVIDE A BASELINE FOR ASSESSING THE EFFECTS
OF FUTURE IMPRJVEMENTS ON THEIR PERFORMANCE AND RELIABILITY. THIS
WILL BE ACCOMPLISHED BY ASSESSING THE CHEMICAL AND MORPHOLOGICAL
STATES OF THE MATERIAL INGREDIENTS BEFORE AND AFTER PROCESSING INTO
THE INSULATION ITSELF. THE COATING WILL LIKEWISE BE STUDIED. AFTER
CYCLIC EXPOSURE TO SIMULATED ENTRY ENVIRONMENTS, CHANGES IN THE
MATERIALS WILL BE ASSESSED y RELATED TO THE THERMAL AND MECHANICAL
PERFORMANCE OF THE MATERIAl,S AND RECOMMENDATIONS WILL BE MADE FOR
IMPROVING THE ~ATERIAL COMPOSITION, PROCESSING AND COATING TO ACHIEVE
HIGHER PERFORMANCE AND GREATER RELIABILITY.
RTOP NO. 114-03-36
ORGANIZATION~ LEWIS
MONITOR: HALLy
TECHNICAL SUMMARY
THIS RESEARCH AND DEVELOPMENT EFFORT IS RELATED TO THE GENERAL
CLASS OF MATERIALS THAT MIGHT BE USED IN THE REUSABLE SURFACE
INSULATION (RSI) CONCEPT FOR THF SHUTTLE THERMAL PROTECTION SYSTEM.
THE OBJECTIVES OF THIS WORK MAY BE BRIEFLY SUMMARIZED AS FOLLOWS: 1)
TO FULLY CHARACTERIZE THE RSI MATERIALS; 2) TO IMPROVE THE MECHANICAL
BEHAVIOR OF RSI BODIES; 3) TO IMPROVE THE SURFACE CHARACTER OF RSI
BODIES; 4) TO JPTIMIZE CURRENTLY USED FIBERS AND TO SEEK NEW AND
IMPROVED FIBER COMPOSITIONSe THE FIRST THREE OBJECTIVES WILL BE
PURSUED BY OBTAINING CURRENTLY USED RSI MATERIALS FROM NASA
CONTRACTORS FOR IN-HOUSE STUDIES. MATERIAL CHARACTERIZATION WILL BE
MADE AT ALL ST~GES OF PROCESSING. IMPROVEMENTS IN MECHANICAL
PROPERTIBS AND SURFACE CHARACTERISTICS WILL BE SOUGHT BY THE
INTRODUCTION OF OTHER SELECTED MATERIALS INTENDED TO BRING ABOUT THE
DESIRED IMPROVEMENTS. THESE MATERIALS WILL BE COMPATIBLE WITH, BUT
COMPLETELY INDEPENDENT OF, THE FABRICATION PROCESSING STEPSe
OPTIMIZED AND IMPROVED FIBERS WILL BE SOUGHT BY CONTRACTUAL EFFORTS.
RTOP NO. 114-03-36 TITLE: EXTERNAL INSULATIONS FOR SHUTTLE
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VA. 23365
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE PROPERfIES OF CERAMIC MATERIALS WILL BE EVALUATED TO
ESTABLISH THEIR SUITABIL!TY FOR USE AS SURFACE INSULATION THERMAL
PROTECTION SYSTEMS. METHODS FOR IMPROVING THE THERMAL AND MECHANICAL
PROPERTIES OF :URRENT LOW-DENSITY MATERIALS WILL BE ,INVESTIGATED.
LOW-DENSITY RIGIDIZED FIBROUS MATERIALS SUCH AS SILICA, MULLITE,
ZIRCONIA, AND ALUMINA WILL BE SUBJECTED TO CYCLIC HEATING. THERMAL
AND MECHANICAL STABILITY WILL BE DETERMINED THROUGH MECHANICAL TESTS
AND MICROSCOPI: EXAMINATION. IMPROVEMENTS IN PROPERTIES WILL BE
PURSUED BY VARYING PROCESSING METHODS AND MATERIALS. COATINGS
REQUIRED TO SEAL FIBROUS MATERIALS AGAINST EXCESSIVE MOISTURE
ABSORPTION AND TO PROVIDE SUITABLE SURFACE EMITTANCE PROPERTIES WILL
BE EVALUATED IN COMBINATION WITH THE VARIOUS FIBER SYSTEMS. THE
THERMO-CHEMICAL INTERACTION OF COATINGS WITH FIBERS WILL BE STUDIED.
THE STRUCTURAL BEHAVIOR OF THE COATING, FIBER, SUBSTRATE SYSTEM WILL
BE STUDIED ANALYTICALLY AND THROUGH STRUCTUPAL TESTS OF
REPRESENTATIVE PANELS.
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TEMPERATURE ADHESIVES
CENTER HOUSTON, TEXAS 77058
TEL. 713-483-5539
RTOP NO. 114-03-36 TITLE: EXTERNAL INSULATIONS FOR SHUTTLE
ORGANIZATION: ~EO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
MONITOR: KING, H. M. TEL. 205-453-1227
TECHNICAL SUMM~RY
THE OBJECTIVE IS TO EVALUATE THE PERFORMANCE OF REUSABLE SURFACE
I-NSULATION (RSI) MATERIALS UNDER .THERMAL AND DYNAMIC LOADS SIMULATING
THE FLIGHT ENVIRONMENTS TO WHICH THE SHUTTLE BOOSTER IS EXPOSED IN
ORDER TO ASSESS THE RELIABILITY OF THIS TYPE OF THERMAL PROTECTION
SYSTEM FOR THIS APPLICATION, TO IDENTIFY OPTIMUM MATERIAL PROPERTIES,
AND TO DEMONSTRATE ADEQUATE CYCLE LIFE FOR MULTI-FLIGHT REUSE WITH
MINIMUM REFURBISHMENT o THE PERFORMANCE OF SEVERAL CURRENTLY
AVAILABLE RSI MATERIALS WILL BE EVALUATED IN SUB-SCALE AND FULL SCALE
PANELCONFIGUR~TIONS USING BOOSTER PANEL DESIGNS AND SIMULATED
BOOSTER ENVIRO~MENTS. THE SUB$TRATE PANELS WILL BE OBTAINED FROM
MARTIN-MARIETTA CORPORATION (MMC) IN THE SHUTTLE PHASEB BASELINE
CONFIGURATION AND MATERIALS. THE EST MATERIALS WILL BE OBTAINED FROM
MSC AS A PORTI)N OE THE MATERIALS DELIVERABLE ON THEIR CONTRACTED
DEVELOPMENT EFFORTS. AS IMPROVED RSI MA~ERIALS BECOME AVAILABLE FROM
NASA IN-HOUSE OR SPONSORED CONTRACTUAL PROGRAM, ADDITIONAL MATERIALS
WILL BE OBTAINED TO VERIFY IMPROVED MATERIAL RESPONSE TO BOOSTER
ENVIRONMENTS. PARTICULAR EMPHASIS WILL BE PLACED ON THE EVALUATION
OF REINFORCED RSI MATERIALS AS DEVELOPED UNDER EARLY WORK.
RTOP NO. 114-03-36 TITLE: HIGH
ORGANIZATION: MANNED SPACECRAFT
MONITOR: SPIKER, I. K.
~ECHNICAL SUMMARY
RESEARCH IS REQUIRED TO: PROVIDE AN ADHESIVE SYSTEM THAT WILL
PERFORM IN THE 600 DEG TO 700 DEG F RANGE; IS STRAIN-COMPATIBLE WITH
SUREACE INSULATION UNDER THERMAL AND MECHANICAL CYCLING; HAVE MINIMUM
DENSITY; AND HAVE REUSE CAPABILITY FOR 100 SHUTTLE MISSIONS. THIS
WORK SHOULD INCLUDE STRUCTURAL ADHESIVES AND COMPOSITE RESINS, AND
FLEXIBLE ADHESIVES SUCH AS THE SILICONE RUBBER SEALANTS.
RTOP NO. 114-03-37 TITLE: SPACE SHUTTLE: NONDESTRUCTIVE EVALUATION
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA.
MONITOR: GOODWIN, GLEN TEL. 415-961-2265
TECHNICAL SUMMARY
EXISTING MICROWAVE CRACK-DETECTION TECHNOLOGY WILL BE USED TO
DEVELOP DESIGN CRITERIA FOR CRACK-DETECTION SYSTEMS APPROPRIATE TO
HIGH-SPEED NONDESTRUCTIVE EVALUATION OF SHUTTLE VEHICLES. IN THIS
TECHNOLOGY, MErAL SURFACES ARE EXAMINED FOR FLAWS BY USING MICROWAVES
AS THE SCANNING MEDIUM. THE METAL SURFACE BEING EXAMINED ACTS AS A
PARTIALLY REFLECTING PLANE TO INCIDENT MICROWAVE ENERGY AND,
THEREFORE, HAS A CHARACTERISTIC REFLECTING SIGNATURE. WHEN THE
MICROWAVE SIGNAL EnCOUNTERS A FLAW OR CRACK ON THE METAL SURFACE, THE
SIGNAL IS DISTJRTED OR CHANGED AND THIS CHANGE CAN BE USED AS AN
INDICATION OF rHE EXISTENCE OF AND, WITH PROPER CALIBRATION, THE SIZE
OF THE FLAW OR CRACK. MICROWAVE CRACK-DETECTORS ARE NON-CONTACTING
AND CAN BE USED TO LOCATE FLAWS BENEATH OR HIDDEN BY NON-METALLIC
PAINTS AND FILMS. TESTS WILL BE CONDUCTED TO ADAPT EXISTING
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TECHNOLOGY TO PROPOSED SPACE SHUTTLE SKIN AND STRUCTURE
CONFIGURATIONS AND TO OBTAIN HIGH-SPEED NONDESTRUCTIVE EVALUATION
CAPABILITY NECESSARY TO SPACE SHUTTLE MISSIONS.
RTOP NO. 114-03-31 TITLE: ADVANCED INSPECTION AND REPAIR TECHNIQUES
ORGANIZATION: 3EO. C. MARSHALL SPACE FLIGHT CENTER MARSHALL
MONITOR: :ATALDO, C. F. TEL. 205-453-1278
TECHNICAL SUMMARY
THE OBJECTIVE IS TO ESTABLISH THE RE-USABILITY OF THERMAL
PROTECTIONSYSTEM MATERIALS, INVESTIGATE METHODS OF INSPECTION OF SUCH
SYSTEMS, AND SrUDY METHODS OF REPAIR OF VARIOUS TYPES OF DEFECTS. A
STUDY TO GAIN KNOWLEDGE OF MATERIALS DEGRADATION PHENOMENA UNDER LOW
AND HIGH MASS FLOW CONDITIONS RELATIVE TO THE EFFECTS OF FLAWS WILL
BE MADE. STUDIES WILL BE MADE OF THE EFFECTS OF SUCH DEGRADATION UPON
THE STRUCTURAL OR FUNCTIONAL RELIABILITY OF THE COMPONENT OR SYSTEM.
PERTINENT NDE EVALUATION WILL BE DEVELOPED FOR MONITORING AND
EVALUATING THE INTEGRITY OF MATERIALS AND STRUCTURES, BOTH DURING
GROUND TURN-AROUND AND WHERE FEASIBLE, ON-BOARD. THE VEHICLE. MAJOR
EMPHASIS WILL BE GIVEN TO THE TPS AND TO THE CRYOGENIC SYSTEM. IN
THE PROPOSED SrUDY TWO SEPARATE TASKS WILL BE INCLUDED.
RTOP NO. 114-08-01 TITLE: SPACE SHUTTLE STRUCTURAL DESIGN TECHNOLOGY
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: BROOKS, G. W. TEL. 103-821-2042
TECHNICAL SUMMARY
THE GOAL IS IDENTIFICATION OF CRITICAL STRUCTURAL PROBLEMS OF
THE SPACE SHUTrLE, AND EXPERIMENTAL AND ANALYTICAL RESEARCH THAT WILL
PROVIDE EFFICIENT SOLUTIONS TO THESE PROBLEMS AND AN ADEQUATE
TECHNOLOGICAL BASE FOR STRUCTURAL DESIGN OF THE LEAST WEIGHT OR COST
SHUTTLE VEHICLE. THE WORK WILL BE ACCOMPLISHED INHOUSE AND THROUGH
NUMEROUS CONTRACTS PRIMARILY WITH THE AEROSPACE COMPANIES ACTIVELY
ENGAGED IN DEVELOPMENT OF THE SHUTTLE~ A MAJOR EFFOR~ IS THE
PURCHASE OF SURFACE STRUCTURE PANELS FOR TESTING UNDER AERODYNAMIC r
ACOUSTIC w AND VIBRATORY ENVIRCNMENTS. DEVELOPMENT OF MORE EFFICIENT
STRUCTURAL PANELS THAT SHOW PROMISE OF REDUCING PRIMARY STRUCTURE
WEIGHT WILL BE CONTINUED. STUDIES OF THE MOST EFFICIENT STRUCTURAL
ARRANGEMENTS WILL BE MADE. TESTING OF LIGHT WEIGHT COMPOSITE
REINFORCED METAL STRUCTURES WILL BEGIN. EFFORTS IN IDENTIFYING MAJOR
PROBLEM AREAS WITH SUCH SECONDARY STRUCTURES AS DOORS AND WINDOWS
WILL CONTINUE AND WORKABLE DESIGN SOLUTIONS WILL BE DEVELOPED.
STUDIES WILL CJNTINUE ON DESIGN CRITERIA AREAS TH~T PRESENT SPECIAL
PROBLEMS TO THE SHUTTLE SUCH AS STRUCTURAL TEST REQUIREMENTS r ON
BOARD PURGE SYSTEM REQUIREMENTS, AND STRUCTURAL INTERFACE
COMPATIBILITY.
BTOP NO. 114-08-02 TITLE: SPACE SHUTTLE COMPOSITE TANK TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: NORED, D. 1. TEL. 216-433-6916
TECHNICAL SUMMARY
3~O
THE WORK CJNDUCTED UNDER THIS RTOP WILL PROVIDE THE TECHNOLOGY
FOR APPLICATION OF FILAMENT WOUND COMPOSITES TO SPACE SHUTTLE VEHICLE
TANKAGE. APPLI:ATIONS FOR THIS TECHNOLbGY WILL INCLUDE LARGE,
LOW-PRESSURE, LOAD-CARRYING LIQUID PROPELLANT TANKS; NON-INTEGRAL
(NON-LOAD CARRYING) LIQUID TANKS; AND SMALL, HIGH-PRESSURE GAS
STORAGE VESSELS. FILAMENTS OF GLASS~BORON, GRAPHITE. AND HIGH
MODULUS POLYMER WHICH OFFER SIGNIFICANT WEIGHT OR COST SAVINGS. WHILE
MAINTAINING OR IMPROVING THE RELIABILITY ATTAINABLE WITH CONVENTIONAL
METAL VESSELS, WILL BE EVALUATED. THE DEVELOPMENT OF THE ADVANCED
CONCEPTS FOR FILAMENT-WOUND PRESSURE VESSELS ALREADY IN PROGRESS WILL
BE CONTINUED. IN FY '72, ADDITIONAL ACTIVITIES WILL BE SPECIFICALLY
DIRECTED TOWARD SPACE SHUTTLE SYSTEM COMPONENT DESIGN AND DEVELOPMENT.
RTOP NO. 114-08-03 TITLE: SPACE SHUTTLE FRACTURE CONTROL METHODS
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: NORED, D. L. TEL. 216-433-6916
TECHNICAL SUMMARY
THE WORK CJNDUCTED UNDER THIS RTOP WILL PROVIDE TECHNOLOGY
REQUIRED FOR ESTABLISHING EFFECTIVE FRACTURE CONTROL DESIGN AND
OPERATIONAL MEfHODS FOR THE SPACE SHUTTLE VEHICLE STRUCTURES.
TECHNOLOGY BENEFITS FOR OTHER SPACE VEHICLE AND SPACE STATION
APPLICATIONS WILL ALSO RESULT. SPECIFIC AREAS OF CURRENT WORK
INCLUDE: (1) DEVELOPMENT OF FRACTURE DATA ON MATERIALS USING FLAW
GEOMETRIES AND LOADING CONDITIONS OF SPECIFIC INTEREST TO THE SPACE
SHUTTLE VEHICLE INTEGRAL PROPELLANT TANKS; (2) DEVELOPMENT OF
ANALYTICAL EVALUATIONS OF CRACK TIP STRESS INTENSITY FOR SPECIFIC
SPACE SHUTTLE VEHICLE FLAW GEOMETRIES AND LOADING CONDITIONS~ AND (3)
DEFINITION OF FRACTURE CONTROL DESIGN APPROACHES SPECIFICALLY SUITED
TO THE SPACE SHUTTLE VEHICLE STRUCTURES.FY 872 EFFORTS WILL CONTINUE
IN THESE AREAS, WITH INCREASED EMPHASIS ON THE EFFECTS OF ENVIRONMENT
ON FLAW PROPAGATION.
RTOP NO. 114-08-04 TITLE: SPACE SHUTTLE COMPOSITES FOR PRIMARY
STRUCTURE
ORGANIZATION: GEORGE C. MARSHALL 'SPACE FLIGHT CENTER MARSHALL
MONITOR: ENGLER, E. E. TEL. 205-453-3958
TECHNICAL SUMMARY
THE OBJECTIVES OF THE STUDY ARE: TO INDICATE AREAS OF GROWTH
POTENTIAL FOR THE SPACE SHUTTLE VEHICLE THROUGH THE USE OF ADVANCED
FILAMENTARY COMPOSITE MAT~RIALS WHICH WOULD PROVIDE MAXIMUM STRENGTH
TO WEIGHT CAPABILITIES AND RESULT IN INCREASED PAYLOAD~ AND TO
DEVELOP THRUST STRUCTURE CONCEPTS, INCLUDING MAJOR STRUCTURAL
COMPONENTS, APPLICABLE FOR VARIOUS ENGINE ARRANGEMENTS BY NUMBER AND
SIZE. EXISTIN3 TECHNOLOGY COMPOSITE SYSTEMS WILL BE UTILIZED TO
OBTAIN MINIMUM WEIGHT STRUCTURE.·Ta~ APPROACH UTILIZED IS TO PERFORM
TECHNOLOGY INVESTIGATIONS IN THE AREAS OF STRUCTURAL DESIGN,
STRUCTURAL ANALYSIS, MATERIALS EVALUATION, FABRICATION, QUALITY
ASSURANCE, AND TESTING. THESE INVESTIGATIONS WILL INCLUDE BOTH
IN-HOUSE AND CJNTRACTED EFFORT. MAJOR STRUCTURAL COMPONENTS WILL BE
DESIGNED, FABRICATED, AND TESTED. THESE MAJOR STRUCTURAL TEST
COMPONENTS, APPLICABLE TO A SPACE SHUTTLE VEHICLE, WILL INCLUDE A
SCALED THRUST STRUCTURE, SKIN PANELS. ENGINE SUPPORT BEAMS AND MINOR
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COMPONENTS SUCH AS BEAM CAPS~ STRINGERS, JOINTS, AND SHEAR WEBS.
DESIGN CRITERIA STUDIES WILL ALSO BE CONDUCTED. THE MATERIALS TO BE
EVALUATED WILL INCLUDE BORON/EPOXY, GRAPHITE/EPOXY w BORON/ALUMINUM,
AND POLYIMIDE COMPOSITES. THE STUDY WAS INITIATED IN FY 1970 AND
WILL EXTEND THROUGH FY 1975. THE MANPOWER REQUIREMENTS AVERAGE ABOUT
19 MAN-YEARS PER YEAR.
RTOP NO. 117~01-03 TITLE~ SPACE SHUTTLE: THERMAL PROTECTION SYSTEMS
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
CANDIDATE MATERIALS FOP USE IN SPACE SHUTTLE THERMAL PROTECTION
SYSTEMS WILL BE EVALUATED TO DETERMINE PERFORMANCE AND TO IDENTIFY
FAILURE MODES. SAMPLES OF CANDIDATE MATERIALS (METALLIC AND
NON-METALLIC) WILL BE TESTED IN ARC-JET FACILITIES CAPABLE OF
DUPLICATING A NUMBER OF FULL-SCALE FLIGHT CONDITIONS. HEAT ,SHIELD
MATERIALS TO BE INVESTIGATED INCLUDE THE NICKEL, COBALT AND COLUMBIAN
ALLOYS, REUSEABLE SURFACE INSULATORS AND CARBONACEOUS AND POLYMERIC
MATERIALS. EMPHASIS WILL BE ON THE EVALUATION OF MATERIALS THAT
REQUIRE LITTLE OR NO REFURBISHMENT. PERFORMANCE EVALUATION WILL
INCLUDE DETERMINATION OF THE EMITTANCE OF THE SURFACE AND ITS
CATALYTIC BEHAVIOR REGARDING SURFACE RECOMBINATION OF DISSOCIATED
BOUNDARY LAYER SPECIES. IN ORDER TO ACCOMPLISH THESE OBJECTIVES
CONSIDERABLE I~PROVEMENTS IN ARC-JET OPERATION WILL BE MADE. THIS
WILL INCLUDE INSTALLATION OF THE 2" X 9" SUPERSONIC DUCT IN A
FACILITY BAY PREVIOUSLY OCCUPIED BY OTHER EQUIPMENT, INCREASING THE
TOTAL POWER AND FLEXIBILITY OF THE D.C. POWER SUPPLY AND INCREASING
THE LEVEL OF ENTHALPY OF THE ABC JET STREAMS.
RTOP NOe 117-07-03 TITI,E: SPACE SHUTTLE THERMAL PROTECTION SYSTEMS
ORGANIZATION: LANGLEY RESEARCH CENTER, HAMPTON, VIRGINIA 23365
MONITOR: BROOKS, Go W. TELo 703-827-2042
~ECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO INVESTIGATE THERMAL
PROTECTION SYSTEMS FOR THE SPACE SHUTTLE, TO ASSESS THE ADEQUACY OF
EXISTING TECHNJLOGY, AND TO IDENTIFY AND IMPLEMENT REQUIRED
DEVELOPMENT PROGRAMS. THIS WILL BE ACCOMPLISHED PRIMARILY BY
CONTRACT WORK SUPPORTED BY IN-HOUSE STUDIES AND TESTING. THREE TYPES
OF HEAT SHIELDS WILL BE CONSIDERED: LOW-COST ABLATIVE SHIELDS,
NONMETALLIC RADIATIVE-INSULATIVE SHIELDS, AND METALLIC RADIATIVE
SHIELDS. FIBRJUS INSULATION MATERIALS, NON-DESTRUCTIVE TEST
TECHNIQUES, AND SOME ASPECTS CF CONVECTION COOLING WILL ALSO BE
INVESTIGATED. PARAMETRIC HEAT-SHIELD STUDIES WILL BE MADE TO PROVIDE
RATIONAL AND UP-TO-DATE ESTIMATES OF THE WEIGHT AND COST OF SYSTEMS
INVOLVING ABLATORS, RADIATORS, INSULATORS, AND ACTIVE COOLING.
LARGE-SCALE THERMAL PROTECTION SYSTEMS WILL BE DESIGNED, FABRICATED,
AND TESTED TO VALIDATE ANALYTICAL RESULTS, WEIGHTS, AND, POSSIBLY,
COSTS. THE RESULTS OF THESE STUDIES WILL PROVIDE INFORMATION WHICH
WILL SERVE AS A BASIS FOR THE SELECTION AND DESIGN OF THERMAL
PROTECTION SYSTEMS FOR THE SPACE SHUTTLE.
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RTOP NO. 908-42-01 TITLE: STRUCTURES
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON v TEXAS 17058
MONITOR: ST. LEGER, L. G~ TELe 113~483-2626
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO EXPLORE TWO PROMISING NEW
TOOLS OF NONDESTRUCTIVE EVALUATION (NDE)~ LASER HOLOGRAPHIC
INTERFEROMETRY (L9I) AND ACOUSTIC EMISSION (AE) q AND TO DEVELOP
UNDERSTANDING IN ALL OF THE IMPORTANT ADVAMcED TECHNIQUES 'OF NDE TO
SUPPORT MSC~S ROLE OF MANAGING THE DEVELOPMENT OF THE SPACE SHUTTLE~
HIGH-TEMPERATURE ADHESIVES WILL BE SURVEYED FOR THEIR SUITABILITY AS
A BONDING AGENr FOR THE SPACE SHUTTLE EXTERNAL INSULATION SYSTEM.
MEC~ANICAL AND THERMOELASTIC PROPERTIES OF CANpIDATE ADHESIVES WILL
BE DETERMINED THROUGHOUT THE RANGE OF DESIGN TEMPERATURES AS WELL AS
PROCESSING EFFFCTS u THERMAL CYCLING EFFECTS, AND THICKNESS EFFECTS.
A SEPARATE PROCUREMENT WILL BE MADE OF AN ANALYTICAL TOOL FOR THE
ACCURATE PREDI:TION OF BONDLINESTRESSES. PROVIDE STRUCTURAL DESIGN
DATA TO ASSESS THE POTENTIAL USE OF BERYLLIUM FOR HOT STRUCTUR~ ON
THE SPACE SHUTTLE. THE APPROACH IS FIRST TO DESIGN TYPICAL OPTIMUM
WEIGHT PANELS REPRESENTATIVE OF THE ABOVE-MENTIONED APPLICATIONS FOR
THE SPACE SHUTrLE. THE SECOND STEP INVOLVES THE MANUFACTURE AND
TESTING OF A FEW OF THESE REPRESENTATIVE PANELS. THE TECHNICAL
OBJECTIVE IS T~ DEVELOP REUSABLE MECHANICAL FASTENERS FOR USE IN AN
ENVIRONMENT OF 1800 DEGREES F, 2000 DEGREES F~ 2500 DEGREES F~ THE
MATERIALS CORRESPONDING TO THESE CUT-OFF TEMPERATURES ARE HAYNES '~8,
TD-NICR, AND CB, RESPECTIVELY. -
RTOP NO. 908-42-02 TITLE: SPACF. SHUTTLE THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 17058
MONITOR: SMITH, J. A. TEL. 713-483-3676
TECHNICAL SUMM~RY
THE OVERALL VEHICLE THERMAl MANAGEMENT SYSTEMS FOR THE SHUTTLE
MUST BE FLEXIBLE AND ADAPTABLE ENOUGH TO ACCOMMODATE CHANGES IN
MISSIONS AND CJNFIGURATIONS AND MUST EFFICIENTLY UTILIZE AVAILtBLE
HEAT SOURCES AND SINKS. THE MULTI-MISSION REQUIREMENT FOR THE
SHUTTLE PRESENrS PARTICULAR DESIGN PROBLEMS IN THERMAL CONTROL DUE
TO: (1) LIFE-CYCLE CONSIDERATIONS? AND (2) THE WIDE RANGE OF
REQUIRED OPERAfING CONDITIONS VARYING FROM THOSE SIMILAR TO
CONVENTIONAL AIRCRAFT, TO SPACECRAFTS SUBJECTED TO BOOST q ORBITAL AND
REENTRY THERMAL CONDITIONS. THE OBJECTIVE OF THIS RTOP IS TO DEVELOP
CANDIDATE THERMAL CONTROL CONCEPTS WHICH OFFER POTENTIAL SOLUTIONS
FOR SHUTTLE DESIGN PROBLEMS AND DEVELOP IMPROVED ANALYTICAL
TECHNIQUES FOR MORE EFFECTIVE rESIGN AND EVALUATION. HEAT PIPE
THERMAL CONTROL SYSTEMS OFFER THE POTENTIAL FOR LONG LIFE AND TROUBLE
FREE HEAT TRANSPORT AND REJECTION AT LOW WEIGHTS FOR SPACE SHUTTLE
EQUIPMENT COOLING APPLICATIONS. DESIGN AND TESTING OF PROTOTYPE
THERMAL CONTROL SYSTEMS APPLICABLE TO THE UNIQUE SPACE SHUTTLE
ENVIRONMENT AND REUSE APPLICATIONS WILL BE PURSUEb TO PROVIDE THERMAL
CONTROL DESIGN OPTIONS FOF THE SHUTTLE VEHICLE. VEHICLE COMPLEXITY
AND USE OF ADVANCED COMPONENTS REQUIRES IMPROVED ANALYTICAL METHODS
AND EXTENSIVE VEHICLE LEVEL ANALYSIS FOR DESIGN SUPPORT AND MISSION
PLANNING. THE ANALYTICAL TECHNIQUES DEVELOPMENT PROGRAM IS DIRECTED
TOWARDS DEVELOPING COMPUTER PROGRAMS FOR USE AS ANALYTICAL TOOLS FOR
THE SHUTTLE PR~GRAM.
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RTOP NO. 908-42-38 TITLE: MATERIALS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: STROUHAL u G. TEL. 713-483-3676
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS PROGRAM ARE THE GENERATION OF DATA FOR
PRELIMINARY DESIGN ACTIVITIES AND CONFIRMATION THAT APPROPRIATE
PROCEDURES HAVE BEEN SELECTED FOR PROPERTY MEASUREMENTS,
NONDESTRUCTIVE TESTING, AND DESIGN. PRELIMINARY DESIGN DATA WILL BE
GENERATED FOR rwo CLASSES OF TPS MATERIALS - SURFACE INSULATION AND
CARBON/CARBON COMPOSITES. PRELIMINARY PROPERTY AND PERFORMANCE
SPECIFICATION WILL BE WRITTEN. THE OBJECTIVE OF THIS TASK IS TO
DEVELOP THE ANALYTICAL METHODS NEEDED TO UNDERSTAND AND PREDICT THE
THERMAL PERFORMANCE OF THE SPACE SHUTTLE THERMAL PROTECTION SYSTEM.
THERMO-CHEMICAL, BOUNDARY-LAYER, AND MATERIAL RESPONSE ANALYSES AND
COMPUTER PROGRAMS CURRENTLY IN USE AT MSC WILL BE MODIFIED AND
UPDATED, AS RE~UIRED, FOR APPLICATION TO THE SHUTTLE CONFIGlfRATION
AND ENVIRONMENT. INVESTIGATION IS REQUIRED TO: PROVIDE AN ADHESIVE
SYSTEM THAT WILL PERFORM IN THE 600 TO 700 F RANGE; IS STRAIN
COMPATIBLE WITH SURFACE INSULATION UNDER THERMAL AND MECHANICAL
CYCLING; HAVE MINIMUM DENSITY; AND HAVE REUSE CAPABILITY FOR 100
SHUTTLE MISSIONS4 THIS WORK SHOULD INCLUDE STRUCTURAL ADHESIVRS AND
COMPOSITE RESI~S, AND FLEXIBLE ADHESIVES SUCH AS THE SILICONE RUBBER
SEALANTS.
RTOP NO. 976-30-01 TITLE: SPACE SHUTTLE STRUCTURAL DESIGN CRITERIA
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALABA~A
MONITOR: KEY, J. E. TEL. 205-453-4349
TECHNICAL SUMMARY
DESIGN CRIrERIA WERE DEVELOPED DURING PHASE A OF THE SHUTTLE
DEVELOPMENT STUDIES; HOWEVER, THESF DESIGN CRITERIA WERE VERY GENERAL
AND DID NOT CONTAIN DETAILS THAT APPLY TO SPECIFIC CONFIGURATIONS OR
MISSIONS. ADDITIONAL CRITFRIA WILL BE DEVELOPED FOR THE
CONFIGURATIONS AND MISSIONS SELECTED DURING THE PHASE B STUDIES. IN
ADDITION, STRUCTURAL CRITERIA PROBLEM AREAS IDENTIFIED IN THE PHASE A
AND PHASE B EFFORTS WILL BE STUDIED IN DEPTH TO DETERMINE THE
REQUIRED YIELD, PROOF, AND ULTIMATE FACTORS FOR SIRUCTURES AND
PROPELLANT TANKS, DETERMINE MF.THODS OF COMBINING LOADS AND
ENVIRONMENTAL :ONDITIONS, AND DETERMINE THE FAIL-SAFE APPROACH FOR
STRUCTURES. THIS RTOP IS A CCNTINUATION OF THE EFFORT INITIATED IN
RTOP'S 908-52-01 AND 976-30-61. FY 72 FUNDS OF $300K AND A MANPOWER
lEVEL OF .6 MA!'1'YEARS ARE REQUIRED TO CONTINUE THIS EFFORT.
PTOP NO. 976-30-38 TITLE: MATERIALS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: SMITH, J. A. TEL. 713-483-3676
TECHNICAL SUMMARY
INVESTIGATE THE UTILITY OF METAL MATRIX COMPOSITES FOR EXTERNAL
USE ON THE SPACE SHUTTLE SUCH AS SKIN PANELS TO 800 F AND POLYMER
MATRIX COMPOSITES TO 600 F. DATA CONCERNING STRENGTH, STIFFNESS,
THERMAL CYCLIN; CAPABILITY§ AND STABILITY WILL BF GENERATED.
INVESTIGATE THE FEASIBILITY OF DIE-LESS PRODUCTION FOR LARGE METAL
MATRIX PANELs.rHE SURFACE INSULATION CLASS OF MATERIAL SHOWS PROMISE
OF MEETING THE THERMAL PROTECTION SYSTEM REQUIREMENTS FOR LARGE AREAS
OF THE SPACE SHUTTLE ORBITER AND BOOSTER. UNDER THIS RTOP.
FULL-SCALE PRODUCTION CAPABILITY OF A~ OPTIMIZED SURFACE INSULATION
MlTERIAL WILL BE INITIATED AND DESIGN VERIFICATION TESTS ON
FULL~SCALE TPS COMPONENTS WILL BE CONDUCTED. THE RESULTS OF THIS
PROGRAM PHASE WILL LEAD TO SELECTION OF AN OPTIMIZED THERMAL
PROTECTION SYSTEM FOR THE SHU1TIE PROGRAM. OXIDATION RESISTANT
REINFORCED CARBON MATERIAL OFFER A WEIGHT COMPETITIVE SOLUTION AS A
MULTIMISSION THERMAL PROTECTIVE SYSTEM FOR TEMPERATURES ABOVE 2000 F.
TO INCREASE C)NFIDENCE IN THIS THERMAL PROTECTION CONCEPT,
FULL-SCALE STRlTCTfJRAL DESIGNS WILL BE DEVELOPED AND VERIFICATION
TESTS PERFORMED. DESIGN CONCEPTS WILL BE REFINEr BY CONCENTRATION ON
MINIMIZING STRUCTURAL WEIGHT. INDUCED STRESSES, EASE OF
MANUFACTURING, ATTACHMENT METHODS g AND COST EFFECTIVENESS.
RTOP NO. 976-30-43 TITLE: SPACE SHUTTLE MISSION SIMULATION TESTS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE. ALA.
MONITOR: ENGLER~ E. E. TELa 205-453-3958
TECHNICAL SUMMARY
THIS STUDY WILL DEVELOP OPTIMUM STRUCTURAL SYSTEMS 1 PRIMARILY
THERMAL PROTECrION SYSTEMS, FOP VARIOUS TEMPERATURE REGIMES FOR THE
SPACE SHUTTLE VEHICLE. THE PRCGRAM OBJECTIVES ARE: TO ESTABLISH
DESIGN, FABRICATION, INSPECTION TECHNIQUES, AND HARDWARE EXPERIENCE
NECESSARY TO MINIMIZE DEVELOPMENT RISKS; TO PROVIDE SOUND THERMAL
PROTECTION SYSTEM (TPS)/PRIMARY LOAD~CARRYING STRUCTURE
RECOMMENDATIONS; TO PROVIDE REALISTIC STRUCTURAL WEIGHT AND COST
DATA; TO DEMONSTRATE THE VALIDITY OF DESIGN AND ANALYSIS METHODS,
FABRICATION MEr HODS, INSPECTICN METHODS, REFURBISHMENT METHODS; AND
REUSABILITY. THE APPROACH WILL INCLUDE STUDIES, INVESTIGATIONS, AND
MISSION SIMULArION TESTS ON COMPONENTS AND LARGB STRUCTURAL TEST
ITEMS OF MAJOR STRUCTURAL PORTIONS OF A TYPICAL SPACE SHUTTLE
VEHICLE. THERMAL/ACOUSTIC TEST PANELS OF A DESIGN SIMILAR TO THE
LARGE TEST ITEM DESIGNS WILL BE DESIGNED, FABRICATED v AND TESTED.
THE LARGE TEST ITEMS WILL INCLUDE: TEST ITEM NO.1, BOOSTER SECTION;
AND TEST ITEM ~O. 2, ORBITER SECTION. CONTRACTED AND IN-HOUSE
TECHNOLOGY INVESTIGATIONS WILL PE PERFORMFD IN THE AREA OF STRUCTURAL
DESIGN AND ANALYSIS, THERMAL ENGINEERING u MATERIAL EVALUATIor,
FABRICATION, AIifD QUALITY ASSURANCE. THE PROGRAM WAS INITIATED IN PY
1970 AND WILL EXTEND THROUGH FY 1975. MANPOWER REQUIREMENTS AVERAGE
ABOUT 41 MANYEARS PER YEAR.
RTOP NO. 976- 30-43 TITI.E: SPACE SHUTTLE THERMAL PROTECTION SYSTEM
ORGANIZATION: MARSHALL SPACE FLIGHT CEN!ER HUNTSVIILE e ALABA~A
HONITOR: KING~ H. M. TEl.• 205-453-1127
TECHNICAL SUMMARY
THIS EFFORT WILL SELECT OR DEVELOP AND EVALUATE OPTIMUM
INSULATION MATERIALS FOR USE UNDER THE RBRADIATIVE PANELS OF A
SHUTTLE THERMAL PROTECTION SYSTEM. THE INVESTIGATIONS WILL INCLUDE
PANEL INSULATIDNS, WITH APPROPRIATE PACKAGING OR CONFIGURATION FOR
REQUIRED HANDLING, INSTALLATICN AND MOISTURE RESISTANCE, AND LOAD
BEARING INSULATIONS TO TRANSMIT MECHANICAL LOADS FROM THE PANEL TO
PRIMARY STRUCTURE WITH MINIMU~ HEAT LEAK. THE EVALUATION SHALL _
. PROVIDE DATA F~R DESIGN PURPOSES AND FOR ASSESSMENT OF THE RFLIABLF.
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REUSE 'LIFETIME UNDER SHUTTLE OPERATING ENVIRONMENTS. ACTIVE AND
PASSIVE STRUCTURAL COOLING SYSTEMS CONCEPTS AND SYST~M DESIGNS WILL
BE DEVELOPED T~ INCLUDE WEIGHT, COST, RELIABILITY, AND REDUNDANCY.
CONCEPTS TO BE STUDIED ARE ACTIVE COOLING, HEAT SINK, REAT PIPE, AND
PHASE CHANGE MATERIAL AND PASSIVE SYSTEMS.
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RTOP NO. 113- 34- 22 TITLE: NICA D BATT ER Y DEVELOPMENT FO R SPACE
STATION
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: NELSON, C. H. TEL. 703-827-2893
TECHNICAL SUMMARY
INITIAL FABRICATION AND TEST OF BALANCED GEOMETRY 100-AH NICAD
CELLS HAS SHOWN SIGNIFICANT GAI~S IN PERFORMANCE OVER CONVENTIONAL
CELLS. INFORMATION GAINED TO DATE INDICATES THAT A 200-AH CELL CAN
BE DESIGNED USING SIMILAR TECHNIQUES. SINCE THESE CELLS ARE DESIGNED
FOR SPACE STATION APPLICATIONS, LONG RELIABLE LIFE EXPECTANCIES
BECOME A PRIME REQUIREMENT. THIS RTOP WILL COVER THE CONTINUANCE OF
100-AH CELL LIFE TESTS ALBEADY IN PROGRESS, AND WILL PROVIDE
INITIATION OF 200-AH LIFE TESTS. IT WILL ALSO COVER THE IN-HOUSE
DEVELOPMENTAL WORK REQUIRED TO SUPPLEMENT THE CONTRACTS.
RTOP NO. 113-60-20 TITLE: SPACE STATION/BASE ELECTRICAL POWER
PROCESSING AND DISTRIBUTION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: SCHWARZ, F. C. TEL~ 216-433-6131
TECHNICAL SUMMARY
ESTABLISH rHE NEEDED TECHNOLOGY FOR THE ELECTRIC POWER
PROCESSING AND DISTRIBUTION SYSTEM FOR THE SPACE STATION/BASE WITH AN
ESTIMATED TOTAL POWER CAPACITY OF 30 TO 100 KW. ELECTRONIC POWER
PROCESSORS WITH POWER HANDLING CAPACITIES OF 10 KW AND BEYOND WILL BE
BREADBOARDED. THE PROCESSORS WILL OPERATE WITH INPUT VOLTAGES OF
FROM 100 TO 500 VOLTS. ELECTRICAL SWITCHGEAR WILL BE DEVELOPED
CAPABLE OF CONrROLLING THE POWER FLOW IN THE POWER DISTRIBUTION LINES
OF THE STATION/BASE. CERTAIN GENERAL ASSUMPTIONS CONCERNING THE
STATION/BASE/ELECTRICAL SYSTEMS WILL BE MADE TO PERMIT AN EARLY START
ON CRITICAL LONG LEAD TIME TECHNOLOGY. THIS WORK WILL ATTACK
PROBLEMS WHICH ARE OF SIGNIFICANCE TO THE FORESEEABLE POWER SYSTEM
CONFIGURATIO~S. THE IMPOPTANT ELEMBNTS OF THIS WORK SHOULD BE
APPLICABLE TO THE TECHNOLOGY REQUIREMENTS AS THE~ WILL EMERGE FROM
SYSTEMSTUD IE S.
RTOP NO. 112-27-10 TITLE: ISOTOPE BRAYTON CONVERSION TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: PACKEr D. R. TEL. 216-433-4000
TECHNIC~L SUMMARY
THE ISOTOP~ BRAYTON CONVERSION TECHNOLOGY PROGRAM IS TO PROVIDE
A BROAD TECHNOLOGY BASE FOR A HIGHLY RELIABLE, LONG LIVED r AND VERY
EFFICIENT SPACE POWER CONVERSION SYSTEM WITH ELECTRICAL POWER
CAPABILITY UP ro THE MULTIPLE KILOWATTS AND WHICH ARE SUITABLE FOR
OPERATION WIrH ISOTOPE HEAT SOURCES. TYPICAL MISSIONS FOR THIS TYPE
OF POWER SYSTEM WOULD INCLUDE MANNED SPACE STATIONS, MANNED LUNAR
MISSIONS, ~ND UNMANNED MISSIONS. DEVELOPMENT UNDER THIS RTOP, UNDER
RTOP 112-27-11, AND ISOTOPE HEAT SOURCE DEVELOPMENT UNDER AEC
COGNIZANCE WILL PROVIDE A TECHNOLOGY BASE FOR ISOTOPE BRAYTON TO MEET
A SPECTRUM OF FUTURE MISSION POWER NEEDS UP TO THE MULTIPLE KILOWATT
LEVEL. THE TECHNOLOGY PROGRAM PRESENTLY INVESTIGATES A POWER
CONVERSION SYSTEE wHICH PRODUCES 2-15 KILOWATTS OF ELECTRIC POWER.
THIS SYSTEM IS PRFSENTLY UNDERGCING PERFORMANCE AND ENDURANCE TESTING
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IN THE PLUM BROOK SPACE POWER FACILITY USING ~N ELECTRICALLY HEATED
HEAT SOURCE. DURING CY 1972 THE SYSTEM WILL BE INSTALLED AT THE
MARSHALL SPACE l"LIGHT CENTER FCP TESTING FROM A "USER" VANTAGE
AGAINST "USER" REQUIREMENTS. LATER, WHEN THE ISOTOPE HEAT SOURCE
(RTOP 112-27-11) IS READY, IT WILT, BE MATED TO THE SYSTEN AND TESTED
IN THE PLUM BROOK SPACE POWER FACILITY. IN ADDITION TO THE POWER
CONVERSION SYSTEM TEST ITSELF, THE IBCT PROGPAM INCLUDES PERFORMANCE
AND ENDURANCE rESTING OF INDIVIDUAL COMPONENTS AND SUBSYSTEMS. AS A
MINIMUM GOAL FJR ENDURANCE DEMONSTRATION, MOST COMPONENTS WILL BE
TESTED FOR 20,000 HOURS AND THE COMPLETE POWER CONVERSION SYSTEM WILL
ACCUMULATE 5000 HOURS.
RTOP NO. 112-21-11 TITLE: ISOTOPE BRAYTON THER~1AL ENERGY SUBSYSTEM
TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: WINTUCKY, W. T. TEL. 216-433-6844
TECHNICAL SU~MARY
THE ISOTOPE BRAYTON (THERMAL) ENERGY SUBSYSTEM TECHNOLOGY
PROGRAM IS TO DEVELOP THE TECHNOLOGY FOR LONG-LIFE HIGHLY RELIABLE
AND EFFICIENT COMPONENTS NECESSARY TO THE GENERATION AND TRANSFER OF
THERMAL ENERGY TO THE WORKING GAS OF THE BRAYTON POWER CONVERSION
SYSTEM. THIS PROGRAM DOES NOT INCLUDE THE ISOTOPE-FUELED HEAT
SOURCES (CAPSULES) WHICH ARE THE SUBJECT OF AN AEC PROGRAM. THE
THERMAL ENERGY SUBSYSTEM LESS THE HEAT EXCHANGER IS TO PROVIDE FOR
INTACT REENTRY OF THE ISOTOPE HEAT SOURCES IN CASE OF A FLIGHT ABORT.
DEVELOPMENT UMDER THIS RTO?, UNDER RTOP 112-27-10, AND ISOTOPE HEAT
SOURCE DEVELOPMENT UNDER AEC COGNIZANCE WILL PROVIDE THE TECHNOLOGY
BASE FOR ISOTOPE BRAYTON SYSTEMS TO MEET A SPECTRUM OF FUTURE MISSION
POWER NEEDS UP TO THE MULTIPLE KILOWATT POWER LEVEL. THE ISOTOPE
BRAYTON THERMAL ENERGY SUBSYSTEM TECHNOLOGY PROGRAM AT LEWIS RESEARCH
CENTER IS AN 1M-HOUSE EFFORT. A PRELIMINARY DESIGN WAS OBTAINED FROM
A CONTRACTED SrUDY. THE PRESENT TECHNOLOGY PROGRAM INCLUDING THE
HEAT SOURCE REENTRY VEHICLE, HEAT SOURCE HEAT EXCHANGER AND
ASSOCIATED DUCTING IS TO IDENTIFY AND ADDRESS AS EARLY AS PRACTICAL
THOSE TASKS WHICH ARE ESSENTIAL TO VERIFYING THE THERMAL ENERGY
SUBSYSTEM. A rHERMAL PROTOTYPE 25 KW THERMAL ENERGY SUBSYSTEM WILL
BE FABRICATED IN~HOUSE FOR TECHNOLOGY TESTING WITH EITHER A BRAYTON
ENGINE SIMULATOR OR THE BRAYTON POWER CONVERSION SYSTEM IN THE PLUM
BROOK SPACE POWER FACILITY USING ELECTRICALLY SIMULATED ISOTOPE HEAT
SOURCES.
RTOP NO. 114-03-51 TITLE: SPACE STATION - VEHICLE THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: GUY, W. W. TEL. 713-483-2351
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO DEVELOP GEUERALIZED
RADIATO~/FLUID SYSTEM THERMAL ANALYSIS TECHNIQUES FOR: (1)
RADIATOR/FLGID SYSTEM THERMAL SCALE MODELING, (2) AUTOMATICALI.Y
GENERATING AND CORRECTING LARfE THERMAL NETWORKS, AND (3)
CHARAC~ERI~ATIJN OF ADVANCED ACTIVE THERMAL CONTROL COMPONENTS {I.E.,
HEAT PIPE-RADIATORS, HEAT PIPE-THERMAL TRANSPORT SYSTEMS, ETC. IN
ADDITION, THE FEASIBILITY OF USING HEAT PIPES FOR ADVANCED THERMAL
CONTROL CONCEPrS WILL BE EXPERIMENTALLY DEMONSTRATED. THE APPROACH
WILL EXTEND WORK INITIATED IN FY 1970-71. ANALYTICAL TECHNIQUES WILL
BE FORMULATED INTO COMPUTER PROGRAMS FOR THERMAL SCALE MODELING,
ERROR CORRECTIJN AND CHARACTERIZATION OF THERMAL CONTROL COMPONENTS.
VALIDATION OF rHESE ANALYTICAL TECHNIQUES WILL BE ACCOMPLISHED WITH
THERMAL-VACUUM TESTING. THE SPACE STATION HEAT PIPE APPLICATIONS
ACTIVITY WILL INVOLVE SOME INITIAL CONCEPTUAL DESIGN OF PROMISING
SYSTEMS, COMPONENT TESTING, AND THERMAL VACUUM TESTING OF A COMPOSITE
SYSTEM WITH MULTIPLE HEAT SOURCES. ANALYTICAL TRADE STUDIES WILL
ALSO BE CONDUCTED TO EVALUATE RELATIVE DIFFERENCES BETWEEN A HEAT
PIPE APPROACH AND ~ORE CONVENTIONAL SYSTEMS.
RTOP NO. 11~-03-51 TITLE: SPACE STATIO~ THERMAL CONTROL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALABAMA
MONITOR: GATES, D. W. TEL 205-453-3100
TECHNICAL SUKM~RY
AS A CONTINUATION OF OUR WORK IN THE THERMAL CONTROL FIELD, OUR
EFFORTS WILL BE DIRECTED TOWARD SEVERAL METHODS OF IMPROVING NASA'S
CAPABILITIES OF CONTROLLING SPACECRAFT TEMPERATURES. ONE EFFORT WILL
BE DIRECTED TJWARD IMPROVEMENT OF THE WHITE PAINTS AND THEIR
RELIABILITY FOR EXTENDED MISSION RFQUIREMENTS. WHILE MAINTAINING THE
0.9 REQUIRED IN THE PRESENT THERMAL DESIGNS FOR SPACE STATION, THE
DELTA A _SUB S MUST BE A MINIMUM TO OBTAIN THE REQUIRED TOTAL LIFE OR
THE LEAST EVA REQUIRED TO RESTORE THE THERMAL-CONTROL SURFACES. THIS
IS BEING DONE BY IMPROVING THE BINDERS AND PIGMENTS, AND PROTECTION
OF THE _COATING AFTER APPLICATION, TO ITS EVENTUAL MISSION
REQUIREMENT. INTEGRATION OF EFFICIENT HEAT PIPES INTO ELECTRONIC AND
ELECTROMECHANICAL HARDWARE IS BEING DEVELOPED FOR THERMAL CONTROL
NECESSARY FOR EXTENDED LIFE OF THESE COMPONENTS. THIS IS NOT BROAD
COVERAGE OF HEAT PIPE APPLICATIONS, ONLY THE SPECIFIC USE.
DEVELOPMENT OF LARGE SCALE THIN FILM SEMICONDUCTORS IS PROPOSED FOR
THERMAL CONTROL DEVICES WITH LONG LIFE AND FLEXIBLE CONTROL OF
SURFACE AND INTERIOR SURFACES. IN ORDER TO PROVIDE NECESSARY BACKUP
KNOWLEDGE FOR rHESE DEVELOPMENT EFFORTS, LABORATORY STUDIES OF
COATINGS, HEAT PIPES AND SEMICONDUCTORS WILL CONTINUE, AND SPF.CIAL
EFFORT IS NOW DIRECTED TOWARD MEASUREMENT DESIGN PARAMETER DATA
(THERMAL CONDU:TIVITY, RESISTIVITY AND RADIATION _FIELD VARIATION FOR
THE SErlICONDUCrORS), MINIATURE HEAT PIPE ANALYSIS, AND PROPERTIES AND
LONG LIFE TIMES OF COATINGS AND THEIR SUBSTRATES AT CRYOGENIC
TEMPERATURES.
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RTOP NO. 114-03-46 TITLE: METEOROIDS (SPACE STATION)
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: ~OODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
STUDIES AIMED AT MAXIMIZING THE EFFECTIVENESS OF MULTIPLE-WALL
STRUCTURES IN PROVIDING METEOROID PROTECTION OF SPACE STATION/SPACE
BASE ARE IN PR~GRESS. STRESS CONCENTRATIONS IN PANELS, RESULTING
FROM PARTIAL-PENETRATION IMPACTS, ARE BEING STUDIED TO DETERMINE THE
DEGRADATION IN STRUCTURAL INTEGRITY AND EFFICIENCY, AND THE
IMPLICATIONS WITH RESPECT TO DESIGN CRITERIA. HIGH-EXPLOSIVE DRIVER
TECHNIQUES ARE _BEING DEVELOPED FOR ACCELERATING LABORATORY
PROJECTILES TO METEORIC SPEEDS. THE OVERALL OBJECTIVE IS TO DEVELOP
COMPREHENSIVE DESIGN CRITERIA WHICH CAN BE USED BOTH TO DESIGN
IMPACT-RESISrANT STRUCTURES FOR PROTECTION OF THE SPACE STATION/BASE,
AND TO ASSESS rHE LONG-TERM PFRFORMANCE OF IMPACTED STRUCTURAL
ELE ME NT S.
RTOP NO. 114-03-46 TITLE: METEOROIDS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: CLIFTON, K. S. TEL. 205-453-0943
TECHNICAL SUMMARY
CA) LOW LIGHT LEVEL TELEVISION SYSTEMS WILL BE USED IN
GROUND-BASED OBSERVATIONS OF METEORS IN ORDER TO DEFINE THE MASS
DISTRIBUTION _JF THE NEAR-EARTH METEOROID ENVIRONMENT. SPECIFICALLY,
DATA WILL BE RECORDED TO DETERMINE THE SLOPE OF THE MASS-FLUX CURVE
IN THE MASS RA~GE BETWEEN THAT DEFINED PHOTOGRAPHICALLY AND THAT
MEASURED BY THE PEGASUS SATELLITES, A REGION OF CRITICAL IMPORTANCE
TO LONG-TERM ORBITING SPACECRAFT. IN ADDITION, THE TEMPORAL AND
OTHER VARIATIONS IN METEOR INFLUX RATES WILL ALSO BE INVESTIGATED.
WITH THE USE OF VIDEO PROCESSORS, FILTERS, AND SPECTRAL GRATINGS
METEOR PARAMETERS SUCH AS LUMINOSITY, COLOR, AND SPECTRA WILL ALSO BE
EXAMINED. FURTHERMORE, TWO STATION OBSERVATIONS CAN ALLOW THE
CALCULATION OF METEOR HEIGHTS, VELOCITIES, AND ORBITAL PARAMETERS.
(B) THE METEOROID SIMULATION PROGRAM IS CONDUCTED USING LIGHT GAS
AND PLASMA ACCELERATORS. AT THE PRESENT TIME THEY ARE UTILIZED IN
SUPPORT OF FOUR OBJECTIVES: (1) TO VERIFY AND SUPPORT AN ACCURATE
THEORETICAL HODEL OF THE HYPERVEJJOCITY IMPACT PHENOMENA. (2) TO
DEFINE DAMAGE TO SUCH STRUCTURES AS SKYLAB BUHPER AND HULL, MDA
INSTRUMENTATION CABLES, PROPOSED LUNAR TUG FUEL TANKS, SOLAR CELLS,
IU PANELS, ETC., FROM HYPERVELOCITY IMPACT. (3) TO SIMULATE METEOR
PHENOMENA IN SUPPORT OF THE GROUND-BASED HORK. (4) INCREASE THE
ACCELERATION VELOCITY OF PROJECTILES.
RTOP NO. 114-03-45 TITLE: METEORS AND METEOROIDS
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: GOODWIN, G. TEL. 415-961-2265
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RTOP IS TO DEVELOP THE UNDERSTANDING OF
HYPERVELOCITY IMPACT REQUIPED TO DESIGN FUTURE SPACECRAFT HAVING
ADEQUATE METEOROID PROTECTION. EFFECTS OF MATERIAL, PROJECTILE
DENSITY, SIZE, AND SHAPE~ AND PROJECTILE VELOCITY ON PENETRATION AND
CRATERING PHEN)MENA WILL BE STUDIED EXPERIMENTALLY AND ANALYTICALLY.
IMPROVEMENTS IN LAUNCHER PERFCRMANCE RESULTING FROM HIGH-EXPLOSIVE
DRIVER DEVFLOPMENT CARRIED OUT UNDER RTOP 114-03-46 WILL BE EXPLOITED
TO THE MAXIMUM POSSIBLE EXTENT. RESULTS OF THIS WORK WILL BE NEEDED
FOR THE DESIGN OF METEOROID BUMPERS FOR LONG-LIVED SPACECRAFT AND
PARTICULARLY FOR SPACECRAFT TRAVERSING THE ASTROID BELT.
RTOP NO. 114-08-07 TITLE: SPACE STATION DAMAGE CONTROL AND DYNAMICS
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: BROOKS, G. W. TEL. 703-827-2042
TECHNICAL SUMMARY
THE RESEAR~H CONDUCTED UNDER THIS RTOP WILL BE DIRECTED INTO 2
AREAS. FIRST AREA DEALS WITH METHODS TO PROVIDE AND MAINTAIN LARGE
ENCLOSED VOLUMES FOR MANNEn SPACE STATIONS. RESEARCH WILL BE
DIRECTED TOWARD THE DEVELOPMENT OF A DAMAGE CONTROL SYSTEM THAT WILL
DETECT, LOCATE, AND REPAIR HOLES OR LEAKS IN THE PRESSURIZED CABINS
OF SPACE STATI)NS. THE SECOND AREA DEALS WITH THE DEVELOPMENT OF
ANALYTICAL AND EXPERIMENTAL TECHNIQUES FOR PREDICTING THE DYNAMIC
IRESPONSE AND RESULTING STRESSES OF FLEXIBLE MODULAR AND ROTATING
SPACE STATIONS. COMPUTER SIMULATIONS OF A STATION CONSISTING OF
SEVERAL ~ODULES AND A STATION WITH A COUNTERWEIGHT CONNECTED BY
CABLES OR OTHER EXTENDIBLE MEMEERS WILt BE DEVELOPED. THE ANALYSIS
WILL BE USED T) DETERMINE THE THPEE-DIMENSIONAL STATION DYNAMICS AND
ELASTIC RESPONSE DURING NORMAL _OPERATION, EXTENSION, STEADY SPIN,
AND RETRACTION.
PTOP NO. 746-03-47 TITLE: ME~EOROID TECHNOLOGY SATELLITE
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: NELSON, C. H. TBL. 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVES ARE TO DETERMINE THE METEOROID ENVIRONMENT IN
SPACE AND TO DETERMINE THB EFFECTIVENESS OF METEOROID PROTECTION
STRUCTURES FOR FUTURE SPACE FLIGHTS. THE WORK INCLUDES THE FOLLOWING
AREAS: THE NErEOROID TECHNOLOGY SATELLITE (MTS) is A SCOUT LAUNCHED
NEAR-EARTH EXPERIMENT TO O~TAIN BASELINE DATA ON THE EFFECTIVENESS OF
BUMPERS OR MULl I-WALL STRUCTURES AND THE VELOCITY DISTRIBUTIONS OF
METF.OROIDS. MEASUREMENT WILL ALSO BE MADE OF THE FLUX OF VERY SMALL
MASS METEOROIDS. THE VELOCITY MEASUREMENT IS A JOINT LANGLEY
RESEARCH CENTER/MANNED SPACECRAFT CENTER EXPERIMENT. THE
INTERPLANETARY METEO~OID PENETRATION EXPERIMENT WILL BE FLOWN ON THE
PIONEER F AND IN THE PIONEER G FLIGHTS THROUGH THE ASTEROID BELT TO
OBTAIN METEOROID FLUX DATA IN INTERPLANETARY SPACE ENVIRONMENT. AN
EARTH ORBITAL SISYPHUS EXPFRIMENT WILL BE STUDIED. THE SISYPHUS
SYSTEM IS AN OPTICAL METEOROID DETECTOR WHICH UTILIZES THREE
OVERLAPPING REFLECTIVE TELFSCOPES TO DETERMINE THE MASS, VECTOR
VELOCITY, AND RANGE FROM SPACECRAFT OF METEOROIDS.
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RTOP NO. 746-03-48 TITI,E: RADIATION TECHNOLOGY SATELLITE
ORGANIZATION: MANNED SPACECRAFT tENTER HOUSTON, TEXAS 77058
MONITOR: MCALLUM, W. E. TEL. 713-483-3734
TECHNICAL SUMMARY
A SCIENTIFIC INSTRUMENT PACKAGE WAS LAUNCHED SIMULTANEOUSLY WITH
THE ORBITING FROG OTOLITH SPACECRAFT ON NOVEMBER 7, 1970. THE
I NSTRUMENT PACK AGE CO NSISTED OF TWO EXPER IMENTS: (1) A RADIA TION
EXPERIMENT COMPOSED OF THREE SOLID-STATE SPECTROHETERS, A REAL-TIME
SPECT RUM-TO-DOS E CONVERTER, AND THREE IONIZ ATION CRA MBE RS, AN D (2) A
METEOROID EXPERIMENT CAPABLE CF MEASURING PARTICLE FLUX AND PARTICLE
VELOCITY WITH THIN FILM CAPACITOR SENSORS. THE WORK TO BE
ACCOMPLISHED IS THE REDUCTION, ANALYSIS, AND PUBLICATION OF 90 DAYS
OF FLIGHT DATA FROM THE RADIATION AND METEOROID EXPERIMENTS. THE
EXISTING MAGNETIC TAPES WILL BE PROCESSED TO STRIP THE APPROPRIATE
DATA AND CORRELATE THE EXPERIMENT DATA WITH SPACECRAFT POSITION
OBTAINED FROM rHE STADAN EPBEMFRIS DATA. THE RESULTING INFORMATION
WILL PROVIDE EVALUATION OF SPECTRUM-TO-DOSE CONVERSION PERFORMANCE;
DOSE AND POSSIBLE SPECTRUM MAPS OF THE SOUTH ATLANTIC ANOMALY~
EVALUATION OF METEOROID INSTRUMENT PERFORMANCE; AND METEOROID FLUX
AND VELOCITY DATA POINTS.
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RTOP NO. 115-23-30 TITtE: CENTRAL MULTIPROCESSOR AND MAN/MACHINE
TECHNIQUES
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: WELDON, J. W. TEL. 713-483-4065
TECHNICAL SUMMARY
THE PRESENr CONCEPT OF A SPACE STATION/BASE AS A PERMANENT
FACILITY (10 YEAR tIFE) I~PLIES SELF~CONTAINED AUTONOMOUS OPERATIONS.
THIS REQUIRES PERFORMING ONBOARD FUNCTIONS WHICH WERE PREVIOUSLY
PERFORMED OW THE GROUND SUCH AS STATUSING OPERATIONS, INTEGRATED
SUBSYSTEM CHECKOUT, PROCESS CONTROL g AND SCIENTIFIC DATA EDITING AND
PROCESSIN G. THE ONBOARD COMPUTA TION Al CAPABILITY REQUIRED TO
ACCOMPLISH THESE FUNCTIONS ONBOARD GREATLY EXCEEDS ANY PREVIOUS
PLIGHT COMPUTArIDNAL REQUIREMENTS. THE DESIGN AND DEVELOPMENT OF A
HIGH CAPACITY, HIGH SPEED, FAULT TOLERANT, SPACE FLIGHT
MULTIPROCESSOR COMPUTER SYSTEM TO PERFORM THE ONBOARD COMPUTATIONS IS
RECOGNIZED AS A CRITICAL TECHNOLOGY AREA. TO ASSURE THE AVAILABILITY
OF THIS CRITICAL TECHNOLOGY, THIS EFFORT WILL RESULT IN THE
DEVELOPMENT OF MAN/MACHINE M/P COMMUNICATIONS TECHNIQUES, THE DESIGN
OF AN AEROSPACE MULTIPROCESSOR q AND THE AVAILABILITY OF MULTICOMPUTER
SYSTEM FOR IN-HOUSE EVALUATION OF PRELIMINARY MULTIPROCESSOR CONCEPTS
AND APPLICATIONS. THIS RTOP (115-23-30) IS A CONTINUATION OF RTOP
(125-23-15) ACTIVITY STARTED IN FY-71. THE MAN/MACHINE
COMMUNICATIONS TECHNIQUES STUDY WILL PROVIDE A DISPLAY DEVICE CAPABLE
OF PRESENTING THE WIDE VARIETY OF ALPHANUMERIC/GRAPHIC DATA REQUIRED
ON A SPACE STAfION. THE ADDITIONAL MEMORY REQUIRED FOR FULL GRAPHIC
CAPABILITIES AND THE SOFTWARE NECESSARY TO COMMUNICATE WITH THE
CENTRAL MULTIPROCESSOR. THE BUFFER I/O SYSTEM WHICH WILL INTERFACE
WITH EXTERNAL MEMORY OF THE MULTIPROCESSOR/MULTICOMPUTER SYSTEM IS TO
BE EVALUATED IN ITS ABILITY TO DETECT ERROR, RECOVER FROM FAULTS AND
HANDLE SYNCHRONOUS/ASYNCHRONOUS COMPUTER I/O OPERATIONS.
RTOP NO. 115-23-40 TITLE: SPACE STATION OPTICAL MASS MEMORY SYSTEM
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALA.
MONITOR: BAILEY, G. A. TELe 205-453-3770
TECHNICAL SUMMARY
A MASS MEMJRY SYSTEM IS REQUIRED FOR THE SPACE STATION/SPACE
BASE SYSTEM OF 1976 THAT COMPLETELY DWARFS EXISTING SYSTEMS IN TERMS
OF CAPACITY, S~EED. POWER REQUIREMENTS, SIZE, ETC. IT WOULD BE A
RANDOM ACCESS, READ-WRITE MEMORY OF 10 TO THE 12TH POWER BITS
CAPACITY WITH NO MOVING PARTS. IT HAS LONG BEEN KNOWN THAT FOR
MEMORIES OF THIS CAPACITY, TO KEEP OTHER PARAMETERS REASONABLE,
EITHER SOME OPTICAL OR ELECTRON BEAM TECHNIQUE WOULD BE EMPLOYED.
THE READ-WRITE REQUIREMENT OBVIATES THE USE OF E-BEAM TECHNOLOGY
SINCE THERE IS NO KNOWN MEANS OF STORING BY E-BEAMS IN AN ERASABLE
MEDIUM. ADDITIONALLY, THE SUCCESS OF AN OPTICAL SYSTEM WOULD DEPEND
UPON THE EFFICIENT INTERACTION OF THE LIGHT SOURCE, THE ACCESSION
SYSTEM, THE INPUT-OUTPUT SYSTEM, AND THE STORAGE MEDIUM. OPTICAL
MEMORY SYSTEMS IN THE PAST HAVE FAILED DUE TO ONE OR MORE OF THE
ABOVE FACTORS. FOR INSTANCEs THE STORAGE MEDIUM MUST HAVE VERY HIGH
DATA STORAGE DENSITY IF VERY LARGE CAPACITIES ARE STORED WITHIN
REASONABLE DIMENSIONS. PAST SYSTEMS HAVE REQUIRED A PERFECT STORAGE
MEDIUM TO KEEP BIT ERROR RATES LOW. HOWEVER q IF STORAGE IS
IMPLEMENTED BY HOLOGRAPHIC MEANS, A PERFECT MEDIUM IS NOT REQUIRED.
IN ADDITION, BY STORING THE INFORMATION IN TWO STEPS (COMPOUND
ADDRESSING) THE HIGH RESOLUTION OF HOLOGRAPHIC RECORDING CAN BE
MAINTAINED. SEVERAL YEARS OF EFFORT HAVE BEEN DEVOTED BY INDUSTRY ON
THE DEVELOPMENT OF LASER SYSTEMS, BEAM DEFLECTION SYSTEMS~
HOLOGRAPHIC TECHNIQUES, RECORDING MATERIALS, LARGE PHOTODETECTOR
ARRAYS g AND LIGHT MODULATORS. MOST OF THIS WORK WAS DONE
INDEPENDENTLY IN EACH OF THESE COMPONENTS AND ONLY RECENTLY HAS IT
BEEN POSSIBLE TO DISCUSS THE FEASIBILITY OF COMBINING TECHNIQUES TO
OBTAIN ~LARGE STORAGE/FAST ACCESSION SYSTEM----
RTOP NO. 115-23-10 TITLE: AU'IOMATED DATA HANDLING TECHNIQUES AND
COMFONENTS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER GREENBELT, MARYLAND
MONITOR: SCHAEFER, D. H. TEL. 301-982-5184
TECHNICAL SUMMARY
OPERATIONAL EARTH RESOURCE MISSIONS WILL SENSE A VERY LARGE
NUMBER OF IMAGES IN MANY SPECTRAL REGIONS. IT HAS BEEN ESTIMATED
THAT SENSORS MAY BE RECEIVING INPUTS AT A TOTAL RATE EQUIVALENT TO 10
TO THE 12TH PO~ER BITS PER SECOND. IN ORDER TO EFFECTIVELY UTILIZE
THIS AVALANCHE OF INFORMATION, DATA REDUCTION ON-BOARD THE ANALYSIS
OF DATA GENERArED IN EARTH RESOURCE MISSIONSc THE DEVELOPMENT OF
THESE METHODS SHOULD ALSO ASSIST OTHER NASA MISSIONS INCLUDING
MISSIONS AROUND PLANETS OTHER THAN THE EARTH. THREE PRINCIPAL AREAS
WILL BE INVESTIGATED. THE FIRST AREA IS THE DEVELOPMENT OF HYBRID
OPTICAL-DIGITAL METHODS OF PERFORMING DATA ANALYSIS. THIS WILL ALLOW
THE A~ALYSIS OF HIAGES IN A "PARALLEL" MANNER (I.E., WHERE' NO
SCANNING IS INVOLVED). THE SECOND AREA IS THE DEVELOPMENT OF
ADVANCED DIGITAL METHODS OF PROCESSING DATA. THIS INCLUDES THE
DEVELOPMENT OF MINIMAL PROGRAMMAPLE COMPUTING DEVICES AS WELL AS THE
DEVELOPMENT OF A MICRO-PROCESSCR COMPUTER.
RTOP NO. 115- 21-21 TITLE: MICROWAVE COMM UNICA TION FOR THE SP ACE
STATION BASE
ORGANIZATION: JET PROPULSION LABORATORY CALIFORNIA INSTITUTE OF
MONITOR: POWELL~ R. V. TEL. 213-354-6586
TECHNICAL SUMMARY
THE PURPOSE OF THIS WORK IS TO DEVISE A TECHNOLOGY TO SATISFY
THE REQUIREMENrS OF THE MANNED SPACE STATION UNIFIED MICROWAVE
COMMUNICATION SYSTEM. THE REQUIREMENTS ARE PRIMARILY LONG TERM
RELIABILITY (10 YEARS OR MORE) WITH A CAPABILITY OF EFFICIENTLY
HANDLING 100 MEGABITS/SECOND OF DATA COMING TO AND FROM MANY
DIFFERENT SOUR:ES, INCLUDING EARTH RESOURCES MODULES AND THE TRACKING
DATA RELAY S~TELLITE NETWORK (TDRSN). WORK IS BEING DONE TO DEVELOP
AN EXTENSIVE TECHNOLOGY FOR THE K SUB U BAND REGION OF THE FREQUENCY
SPECTRUM WHICH IS A MAJOR NASA SPACE STATION FREQUENCY. THIS
INCLUDES THE DEVELOPMENT AND ~ESTING OF HIGH GAIN FURLABLE CONICAL K
SUB U BA~D ANTENNAS, AS WELL AS THP INVESTIGATION OF OTHER K SUB U
BAND ANTENNA CONCEPTS. ALS0 6 RELIABLE LONG-LIFE WIDEBAND
TRANSMITTERS WITH CATHODE REPlACEMENT ARE BEING DEVELOPED. THE
TRANSMITTER WORK INCLUDES THE MULTIPLE ELECTRON GUN (MEG) CONCEPT FOR
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HIGH-POWER HIGH-RATE COMMUNICATION TO EARTH VIA THE TDRSN. NEW
MODULATION/DEM)DULATION/DETECTION TECHNIQUES SUCH AS INTERPLEX FOR
EFFICIENT MULTIPLE SUBCABRIER TELEMETRY SYSTEMS ABE BEING DEVELOPED
AND EVALUATED IN THE LIGHT OF THE VERY HIGH DATA RATE REQUIREMENTS.
OPTIMUM MODULArION INDEX SELECTION RULES TO MINIMIZE CROSS-MODULATION
AND WAVEFORM DISTORTION LOSS ARE UNDER INVESTIGATION. INCLUDED ARE
STUDIES OF MULrIPLE SUBCARRIER SCHEMES FOR SUPPRESSED CARRIER SYSTEMS
AND DEVELOPMENr OF METHODS OF EXTRACTING THE SUBCARRIER PROM THE
MODULATION SIDEBANDS.
RTOP NO. 115-21-10 TITLE: MICROWAVE NEAR EARTH COMMUNICATIONS AND
TRACKING
ORGANIZATION: GODDARD SPACE FLIGHT CENTER GREENBELT, MARYLAND
MONITOR: SIMAS v V. R. TEL. 301-982-4936
TECHNICAL SUMMARY
THE OBJECTIVE OF THE WORK UNDER THIS RTOP IS TO ACHIEVE
TECHNOLOGICAL ADVANCES IN COMMUNICATION AND TRACKING SYSTEMS IN ORDER
TO SATISFY THE DEMANDING COMMUNICATION REQUIREMENTS FOR FUTURE SPACE
FLIGHT PROJECTS g SUCH AS SPACE STATION o EARTH OBSERVATION SATELLITE(EOS) PROGRAM AND TDRS. THE CAPABILITY AND PERFORMANCE REQUIREMENTS
ON THE COMMUNI:ATION LINKS FOR THESE ADVANCED PROJECTS ARE
CHARACTERIZED BY HIGH DATA RATES (100 MHZ BANDWIDTH), SIMULTANEOUS
MULTI-LINK OPERATION AND RELIABLE LONG LIFE OPERATIONc THE
ATTAINMENT OF THESE PARAMETERS WILL REQUIRE TECHNOLOGICAL ADVANCES IN
BOTH SPAC ECRA Fr AND GROUND TERMIN AI. TECHNIQUES AND HA RDWARE. 1)
HIGH POWER (10 WATT) EFFICIEN~ SOLID STATE SIGNAL SOURCES AT K SUB U
BAND WILL BE DEVELOPED. THIS WILL CIRCUMVENT THE LIABILITIES
ASSOCIATED WITH VACUUM TUBE TWTS, NAMELY LIMITED LIFE, SIZE AND
WEIGHT, AND HIGH VOLTAGES. 2) INCREASED ACCURACY AND SENSITIVITY OF
TRACKING AND DATA SYSTEMS WILL BE ATTAINED BY IMPROVING SPACECRAFT
AND NETWORK PRIMARY FREQUENCY STANDARDS._ THE WORK HERE INVOLVES THE
DEVELOPMENT OF RUBIDIUM FREQUENCY STANDARDS AND A MINIATURE,
ULTRA-STABLE, FREQUENCY/PHASE STANDARD ATOMICALLY CONTROLLED USING
ADVANCED CONCEPTS OF ELECTRO DYNAMIC STORAGE OF REFERENCE IONS. 3)
THE PRESENTLY ENVISIONED SPACE STATION COMMUNICATIONS SYSTEM HAS
ANTENNA REQUIREMENTS THAT MAY BE BEST FILLED BY THE USE OF PHASED
ARRAYS. THESE ANTENNA REQUIREMENTS WILL BE DETERMINED THROUGH
TRADE-OFF STUDIES AND AN APPROPRIATE PHASED ARRAY TECHNIQUE DEVELOPED
WHICH BEST SUITS THE STATION~TC-MODULE AND STATION-TO-GROUND
COMMUNICATION LINKS.
RTOP NO. 115-21-50 TITLE: CODING FOR SPACE COMMUNICATIONS
ORGANIZATION: AMES RESEARCH CENTER MOFFETT FIELD, CALIFORNIA
MONITOR: FOSTER, J. V. TEL. 415-961-2267
TECHNICAL SUMMARY
DEVELOP ERROR DETECTION AND CORRECTION CODING TECHNIQUES
APPLICABLE TO TELEMETRY LINKS FOR A SPACE STATION/BASE N WITH
REQUIREMENTS FOR DATA RATES GREATER THAN 15 MBPS. INVESTIGATE
METHODS FOR EXTENDING THESE TECHNIQUES TO DATA RATES OF 50 MBPS.
STUDY THE APPLICABILITY OF CODING METHODS FOR COMMAND LINKS
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ASSOCIATED WITH A SPACE STATION. INVESTIGATE HYBRID CODING
TECHNIQUES TO EXTEND PRESENT CODING GAINS FOR LOW DATA RATE PLANETARY
MISSIONS. THEJRETICAL STUDIES OF HIGH DATA RATE CODING HAVE BEEN
COMPLETED. DESIGN AND DEVELOFMENT OF PHOTOTYPE DECODING, ENCODING,
AND DATA SIMULATION EQUIPMENT, WITH AN OPERATIONAL CAPABILITY OF AT
LEAST 20 MBPS, IS UNDERWAY. DETAILED DESIGN OF PROMISING HYBRID
CODING TECHNIQUES WILL BE UNDERTAKEN FOR EVALUATION OF MOST EFFECTIVE
APPROACH.
RTOP NO. 115-25-02 TITLE: DESIGN y PROCESSING AND TESTING OF LSI
ARRAYS FOR SPACE STATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALABAMA
MONITOR: ANDERSON, D. L. TEL. 205-453-3770
TECHNICAL SUMMARY
THE OVERALL OBJECTIVE OF THIS EFFORT IS DIRECTED TOWARD
DEVELOPING THE TECHNOLOGY AND TECHNIQUESFOR THE DESIGN, FABRICATION
AND TESTING OF LARGE SCALE INTEGRATED CIRCUIT ARRAYS. THIS
ENCOMPASSES THE DESIGN, DEVELOPMENT AND IMPLEMENTATION OF AUTOMATIC
TEST EQUIPMENT INCLUDING COMPUTER SOFTWARE TO PERFORM DYNAMIC AS WELL
AS FUNCTIONAL TESTS ON LSI ARRAYS. INHERENT IN THESE BROAD
OBJECTIVES IS rHE MAXIMUM USE OF AN IN-HOUSE XDS SIGMA 5 COMPUTER
FACILITY TO DEVELOP AND APPLY CAD (COMPUTER AIDED DESIGN) TECHNIQUES
TO SUCH LSI PRJBLEMS AS LCGIC SIMULATION, CIRCUIT LAYOUT AND SYSTEM
ANALYSIS. SPECIAL EMPHASIS WILL BE GIVEN TO FACILITATE THE COMPUTER
OPERATIONS FOR THE USER AND INTERACTIVE GRAPHICS WILL BE EMPLOYED
WHEREVER FEASIBLE. PROCESS TECHNOLOGY DEVELOPMENT WILL BE PURSUED IN
THE PROMISING AREAS WHERE NEED EXISTS. FOR INSTANCE, THE APPLICATION
OF BEAM LEADS ro MOS DEVICES IS AN IMMEDIATE SOLUTION TO THE
PASSIVATION AND INTERCONNECTION PROBLEM. SIMILARLY THE
SILICON-ON-SAPPHIRE INTEGRATED CIRCUITS AND MNOS DEVICES PROVIDE A
GREAT AMBIENT ~F POTENTIAL. THE GENERAL APPROACH TO IMPLEMENTING
THIS PROGRAM WILL BE BASED FIRST ON DEVELOPING AND UTILIZING NEW LSI
TECHNOLOGY THAr PROMISES TO BE USEFUL IN FUTURE NASA MISSIONS.
COMPUTER AIDED DESIGN AND TESTING PROGRAMS WILL BE DEVELOPED TO
COMPLEMENT NEW LSI TECHNOLOGY.
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RTOP NO. 115-19-02 TITLE~ CONTROL AND STABILIZATION SYSTEMS AND
COMPONENTS FOR SPACE STATION
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365RIN
MONITOR: TEL. 703-827-3745
TECHNICAL SUMM~RY
TECHNOLOGY WILL BE DEVELOPED TO PERMIT THE DESIGN OF SPACE
STATION ATTITUDE CONTROL AND STABILIZATION SYSTEMS FOR AN 8-10 YEAR
OPERATIONAL LIFETIME. SIMULATIONS WILL BE MADE CONSIDERING FLEXIBLE,
VARIABLE-INERTIA, MULTIEODY, SPINNING AND NON-SPINNING MODULAR
CONFIGURATIONS IN ORDER TO DETERMINE THE REQU1RED SYSTEM AND
COMPONENT PERFJRMANCE. CONTROL SOFTWARE AND HARDWARE NEEDS BEYOND
THE PRESENT ST~TE-OF-THE-ART WILL BE DEFINED AND DEVELOPMENT EFFORTS
UNDERTAKEN TO PROVIDE SOLUTIONS. CRI~ICAL HARDWARE ELEMENTS WILL BE
CARRIED THROUGH PROTOTYPE DEVELOPMENT TO ESTABLISH FEASIBILITY. THIS
EFFORT IS DIRECTLY COORDINATED WITH MSFC AND GSFC, AND GSFC-DEVELOPED
COMPONENTS WILL BE INTEGRATED INTO SIMULATIONS AT LANGLEY. TECHNOLOGY
FOR SEPARATE EXPERIMENT-ISOLATION AND FINE-POINTING SYSTEMS WILL BE
DEVELOPED IN A SIMILAR MANNER.
RTOP NO. 113-26-13 TITLE: RESISTOJET SYSTEM TECHNOLOGY FOR MANNED
SPACE STATION REACTION CONTROL
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VA 23365
MONITOR: NELSON, C. H. TELe 703-827-2893
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO DEVELOP THE TECHNOLOGY
REQUIRED FOR THE APPLICATION OF BIOWASTE RESISTOJETS ON THE SPACE
STATION TO PROVIDE THE IMPULSE REQUIRED FOR CONTROL MOMENT GYRO (CMG)
DESATURATION AND ORBIT MAINTENANCE. THESE UNITS SHALL HAVE HIGH
PERPORMANCE g L~NG LIFE AND MINIMUM POWER CONSUMPTION. A HIGH THERMAL
EFFICIENCY AMMJNIA - HYDROGEN RESISTOJET WAS DEVELOPED AS PART OF THE
MORL PROGRAM. THE BIOWASTE RESISTOJET CURRENTLY UNDER DEVELOPMENT IS
AN EVOLUTION OF THE MORL DESIGN, WITH THE INCORPORATION OF HEATER
MATERIALS COMP~TIBLE WITH THE OXIDIZING BIOWASTE GASES AT THE HIGH
TEMPBRATURE RE2UIRFD FOR GOOD PERFORMANCE. THE MORL AND ALTERNATE
RFSISTOJET CON:EPTS ARE BEING EVALUATED FOR PROPELLANT PERFORMANCE,
LIFE, POWER CONSUMPTION AND SYSTEM SUITABILITY. A PROGRAM HAS BEEN
INITIATED TO DEVELOP THE PROPELLANT COLLECTION AND MANAGEMENT SYSTEM
REQUIRED TD INrERFACE THE RESISTOJET WITH THE LIFE SUPPORT SYSTEM.
STUDIES CONDUCrED BY THE PRIME SPACE STATION CONTRACTORS HAVE
PROVIDED INFORMATION .REGARDING THRUSTER DUTY CYCLES, THRUST LEVELS,
PROPELLANT AVAILABILITY o ETC. THIS INFORMATION WILL BE USED IN
FUTURE THRUSTER EVALUATION PROGRAMS AND IN THE DEVELOPMENT OF A
PROTOTYPE PROPELLANT COLLECTION AND SUPPLY SYSTEMe THE COMBINED
THRUSTER AND PROPELLANT COLLECTION SYSTEM WILL THEN BE TESTED AT LRC
TO REVEAL SYSTEM OPERATIONAL CHARACTERISTICS, RESISTOJET-LIFE SUPPORT
SYSTEM INTERFA:E PROBLEMS AND TO DEMONSTRATE THE TOTAL SYSTEMS
CAPABILITY TO PROVIDE THE IMPULSE REQUIRED ON A DUTY CYCLE DICTATED
BY CMG AND ORBIT MAINTENANCE REQUIREMENTS.
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RTOP NO. 113-31-01 TITLE: ZERO GRAVITY PROPELLANT TRANSFER
TECHNOLOGY
ORGANIZATION: LEWIS RESEARCH CENTER 21000 BROOKPARK ROAD
MONITOR: OTTO, E. W. TEL. 216-433-4000
TECHNICAL SUMMARY
THIS RTOP JUTLINES A TECHNOLOGY PROGRAM THAT REVIEWS AND
AUGMENTS THE PRESENT ZERO GRAVITY FLUID BEHAVIOR AND THERMAL
PROTECTION TECHNOLOGY AND CULMINATES IN A FUNCTIONALLY AND
ENVIRONMENTALLY TESTED ENGINEERING MODEL OF A LIQUID HYDROGEN
TRANSFER FLIGHr EXPERIMENT. THE OBJECTIVE OF THE FLIGHT EXPERIMENT
WOULD BE TO EV~LUATE ONE OR MORE PROPELLENT TRANSFER SYSTEMS THUS
PROVIDING TECHNOLOGY AND DESIGN DATA FOR PREDICTABLE AND EFFICIENT
ZERO-G PROPELLANT TRANSFER OPEPATIONS IN SPACE. THE PROGRAM IS TO BE
CONDUCTED IN TWO PHASES - AN EXPERIMENT DEFINITION PHASE AND AN
EXPERIMENT DEVELOPMENT PHASE. THE EXPERIMENT DEFINITION PHASE WILL
CONSIST OF TWO PARALLEL STUDY CONTRACTS AUGMENTED BY IN-HOUSE
RESEARCH. THE TWO MAIN OBJECTIVES OF THIS PHASE _ARE (1) TO DEFINE
AND CONDUCT TH)SE ITEMS OF RESEARCH THAT FILL GAPS IN DATA NECESSARY
FOR EXPERIMENT DEFINITION AND FOR DESIGN AND FABRICATION TECHNOLOGY,
AND (2) TO DEFINE THE EXPERIMENT. THE FIRST PHASE LASTS UNTIL LATE
CY 1913. THE EXPERIMENT DEVELOPMENT PHASE WILL CONSIST OF A CONTRACT
FOR THE DESIGN, FABRICATION, AND TEST OF AN ENGINEERING MODEL OF THE
FLIGHT EXPERIMENT TOGETHER WITH THE NECESSARY GROUND SUPPORT
EQUIPMENT. IT IS TO BE CONDUCTED OVER A PERIOD OF TWO AND ONE HALF
YEARS AND IS C)NCLUDED IN LATE CY 1915.
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RTOP NO. 908-51-05 TITLE: ELECTRICAL POWER ~ SPACE STATION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA~
MONITOR: GRAFF, C. B. TEL. 205-453 4560
TECHNICAL SUMMARY
THIS RTOP SETS FORTH A SERIES OF TEST THAT PURSUE TECHNOLOGY
DEVELOPMENT AND ESTABLISHES TECHNOLOGY REQUIREMENTS NEEDED TO
INTEGRATE NUCLEAR POWER CONVERSION UNIT INTO THE SPACE STATION/SPACE
BASE. PERFORMANCE TESTING WILL BE CONDUCTED INHOUSE TO SOLVE
INTERFACE REQUIREMENTS AND TO DEVELOP AUTOMATIC CONTROL EQUIPMENT,
AUXILIARY POWER EQUIPMENT, ALse DEVELOP CIRCUITRY AND POWER
CONVERSION COMPONENTS AS RELATED TO NUCLEAR POWER. THE TEST RESULTS
WILL BE USED TO INFLUENCE THE PROGRANS FOR THE RESPEC'rIVE '
TECHNOLOGIES ADMINISTERED BY MSFC, MSC AND LERC. THIS IS A
CONTINUATION OF THE PRESENT PROGRAM. NECESSARY COMPONENTS FOR THE
CONSTRUCTION OF THE GAS MANAGEMENT LOOPS AND HEAT REJECTION LOOP HAVE
BEEN PURCHASED. THIS PROPOSAL IS FOR THE FUNDING TO COMPLETE THE
PURCHASE OF THE TEST SUPPORT EQUIPMENT AND THE SPECIAL INTERFACE
EQUIPr1ENT.
RTOP NO. 908-51~05 TITLE~ ELECTRICAL POWER - SPACE STATION PART II
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALABAMA
MONITOR: MILLER, J. L. TEL. 205-453-4567
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS WORK ARE TO INVESTIGATE THE NATURE OF
CELL TO CELL AND CELL TO SUBSTRATE PROBLEMS KNOWN TO EXIST THROUGH
PREVIOUS EXPERIENCE AND TO DEVELOP CELL STACK TECHNOLOGY FOR SPACE
STATION APPLICATION WITH HIGHEST RELIABILITY AND LONGEST LIFETIME.
PROBLEM AREAS TO BE ADDRESSED SPECIFICALLY INCLUDE INTERCELL
CONNECTION TECHNIQUES, BONDING TECHrIQUES AND MATERIALS
COMPATIBILITY, HOT SPOT PHENOMENON RELATING TO NON-PRODUCING CELLS,
REVERSE LEAKAGE AND AVALANCHE BREAKDOWN, THERMAL MASS EFFECTS OF
VARIOUS CELL STACK ~ND SUBSTRATE DESIGNS. THE OBJECTIVES WILL BE
ACCOMPLISHED THROUGH A COMBINATION OF IN-HOUSE AND CONTRACTED EFFORTS
BROKEN DOWN INTO INDIVIDUAL TASKS. IN GENERAL, EACH TASK AREA WILL
BE WORKED IN THREE PHASES AS FOLLOWS~ (1) ANALYStS OF THE MATERIALS
PROPERTIES RELATING TO THE PROBLEM v (2) DESIGN AND FABRICATION OF
CELL STACK MATRIX TEST ARTICLES, AND (3) TEST AND EVALUATION. IT IS
INTENDED THAT MAXIMUM COST EFFECTIVENESS BE REALIZED THROUGH
APPROPRIATE USE OF MSFC TEST FACILITIES AND EXPERIENCE GAINED ON
EARLIER PROGRAMS INCLUDING SKYLAB,
RTOP NOo 908-51-02 TITLE: SPACE STATION THERMAL CONTROL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALABAMA
MONITOR: VANIMAN, J. 1. TEL. 205-453-3821
TECHNICAL SUMMARY
THE TASKS :OVERED BY THIS RTOP ARE DIRECTED TOWARD PROVIDING
TECHNOLOGICAL SOLUTIONS TO THERMAL CONTROL PROBLEMS INTRODUCED BY NEW
SPACECRAFT REQUIREMENTS FOR LONG TERM HIGH RELIABILITY OPERATION IN
SPACE FOR PERIJDS UP TO TEN YEAFS. LONG TERM TESTS OF THERMAL CONTROL
SURFACES AND SrUD~ES OF ACTIVE THERMOELECTRIC SURFACE COATINGS AND
DEPLOYABLE AND ORIENTABLE RADIATORS WILL BE PERFORMED TO PROVIDE
RESOLUTION AND CIRCUMVENTION OF LIMITED HEAT REJECTION CAPABILITY
IMPOSED BY RADIATION BLOCKAGE OF CONTIGUOUSLY DOCKED MODULES AND BY
SURFACE OPTICAL PROPERTY DEGRADATION/CONTAMINATION RESULTING FROM
PROLONGED EXPOSURE TO THE SPACE ENVIRONMENT. THERMAL CAPACITOR, LONG
LIFE CIRCULATION PUMP, HEAT MANAGEMENT, HEAT PIPE SYSTEM, AND THERMAL
CONTACT CONDucrANCE STUDIES WILL BE PERFORMED TO ASSURE EFFICIENT
HIGHLY RELIABLE LONG LIFE THEFMAL CONTROL SYSTEM TECHNOLOGY IS
AVAILABLE FOR MODULE DESIGNo SCALE MODELING TECHNIQUES WILL BE
DEVELOPED FOR MAKING THERMAL VACUUM DESIGN VERIFICATION TESTS OF FULL
SYSTEMS PRACTICAL AND ECONOMICAlo PROJECTED TIME TO COMPLETE THE
OBJECTIVES OF THIS RTOP IS 6 YEARS. FY 72 RESOURCE GUIDELINE IS 250Ko
FY 72 DIRECT MAN-YEARS REQUIREMENT IS 3.
RTOP NO. 908-41-02 TITLE: SPACE STATION - THERMAL CONTROL
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: GUY, Wo W. TEL. 713-483-2351
TECHNICAL SUMMARY
THE OBJECTIVE OF THE PROPOSED EFFORT IS TO DEVELOP AN ADVANCED
SPACE RADIATOR CONFIGURATION WHICH IS APPLICABLE FOR A VARIETY OF
SPACECRAFTS AND MISSIONS, PROVIDES INCREASED SYSTEM RELIABILITY,
MINIMIZES METEJROID PROTECTION ,REQUIREMENTS, AND IMPROVES HEAT LOAD
RANGE CAPABILITY. THE APPROACH WILL INCLUDE AN ANALYTICAL
INVESTIGATION AND EXPERIMENTAL VERIFICATION OF CANDIDATE MODULAR
HEAT-PIPE RADIATOR PANEL DESIGN CONCEPTSo CANDIDATE PANEL CONCEPTS
WILL BE IDENTIFIED FOR BOTH INTEGRAL SKIN AND FLEXIBLE OR RIGID
DEPLOYABLE CONFIGURATIONS. WORK INITIATED IN FY 1971 WILL SERVE AS
THE TECHNOLOGY BASE FOR THIS EXTENSION ACTIVITY.
RTOP NO. 908-51-21 TITLE: MANUFACTURING AND INSPECTION
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: HOLLAND, J. G. TEL. 205-453-5085
TECHNICAL SUMMARY
ONE OBJECTIVE FOR THIS EFFORT WILL BE TO PROVIDE TECHNOLOGY BY
THE DEVELOPMENf OF METHODS, TECHNIQUES, PROCEDURES, TOOLS AND
EQUIPMENT AND TO MAKE THIS TECHNOLOGY AVAILABLE FOR THE FABRICATION,
PROCESS INSPECfION, ASSEMBLY, MAINTENANCE, AND SIMULATION TESTING OF
SYSTEMS AND COMP~NENTS APPLICABLE TO THE SKYLAB, SPACE STATION, SPACE
BASE, AND/OR Of HER ADVANCED MANNED MISSIONSo IN-HOUSE WORK WILL
CONTINUE TO BE PERFORMED TO ASSURE THE AVAILABILITY OF TECHNOLOGY
NECESSARY FOR rHE MANUFACTURE AND SIMULATION TESTING OF CRITICAL
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STRUCTURAL SYSTEMS, SUBSYSTEMS, AND COMPONENTS~ AUTOMATION OF WELDING
EQUIPMENT; MAINTENANCE; ELECTRONIC CIRCUITRY; ELECTRICAL NETWORK
SYSTEMS; ETC. ALSO, THE OBJECTIVES OF THIS EFFORT ARE TO EVOLVE,
THROUGH RESEARCH, DEVELOPMENT, AND TECHNOLOGY APPLICATIONS STUDIES,
NEW INSPECTION TECHNIQUES REQUIRED FOR EFFECTIVE INSPECTION OF SPACE
STATION HARDWARE, STRUCTURES t AND SYSTEMS. IN-PROCESS INSPECTION AND
END ITEM INSPECTION TECHNIQUES EMPLOYING NONDESTRUCTIVE TESTING
CONCEPTS, PROCESS CONTROL CONCEPTS, AND VISUAL INSPECTION COPCEPTS
ARE TO BE STUDIED AND DEVELOPED TO PROVIDE THE TECHNIQUES REQUIRED BY
THE PROGRAM. THROUGH STUDIES OF THE STRUCTURES, MATERIALS, SYSTEMS,
AND HARDWARE PROPOSED FOR THE PROGRAM, THE INSPECTION REQUIREMENTS
AND TECHNIQUES NECESSARY TO ASSURE QUALITY, PER PRESCRIBED DESIGN,
WILL BE IDENTIFIED. THESE REQUIREMENTS WILL BE COMPARED TO EXISTING
TECHNIQUES AND, WHERE EXISTING TECHNIQUES ARE FOUND INSUFFICIENT, NEW
TECHNIQUES WILL BE DEVELOPED OF FURTHER DEVELOPMENT PERFORMED TO
ADVANCE EXISTING TECHNIQUES.
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RTOP NO. 908-51-33 TITLE: INFORMATION MANAGEMENT SYSTEMS DATA
MANAGEMENT
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALA.
MONITOR: GARRETT, H. TEL. 205-453-4070
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO PERFORM RESEARCH AND
DEVELOPMENT OF ADVANCED SPACE COMPUTER HARDWARE w SOFTWARE, AND
COMPUTER PERIPHERAL DEVICE TECHNOLOGY~ ALSO RESEARCH AND DEVELOPMENT
OF COMPUTER/SCIENTIST LANGUAGES AND INTERACTIONS WILL BE PERFORMED.
THIS EFFORT _WILL LEAD TO THE DEVELOPMENT OF AY ADVANCED SPACE
MULTIPROCESSOR. A GENERALIZED SOFTWARE EXECUTIVE, ADVANCED
PERIPHERAL DEVICES AND PROGRAMING TECHNIQUES YIELDING HIGH
RELIABILITY PRJGRAMS. INCLUDED UNDER THIS EFFORT ARE: RESEARCH AND
DEVELOPMENT OF ADVANCED SPACE COMPUTERS, MULTIPROCESSORS, AND
MULTICOMPUTER SYSTEMS, AND THE ASSOCIATED SOFTWARE; RESEARCH AND
DEVELOPMENT OF ADVANCED COMPUTER PERIPHERAL DEVICES SUCH AS DISPLAYS,
HISTORY PLOTTERS, KEYBOARDS, HARDCOPY DEVICES WILL BE PERFORMED;
RESEARCH AND DEVELOPMENT OF HIGH LEVEL COMPUTER/SCIENTIST LANGUAGES
TO FACILITATE MAN-MACHINE INTERACTION. THE RESEARCH AREAS SUPPORT
FUTURE INFORMArION MANAGEMENT SYSTEMS AND DATA MANAGEMENT SYSTEMS
$UCH AS THOSE ANTICIPATED FOR THE SPACE STATION.
RTOP NO. 908-51-07 TITLE: COMMUNICATIONS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: LOWREY. D. O~ TEL. 205-453-1578
TECHNICAL SUMMARY
TO DEVELOP AN ELECTRONICALLY STEERABLE MICROWAVE PHASED ARRAY AT
S-BAND CAPABLE OF OPERATING ON THE SPACE STATION AND OTHER SPACE
VEHICLES. THE ARRAY WILL PROVIDE A HIGH DATA RATE,
TELECOMMUNICATIONS CAPABILITY WITH SIMULTANEOUS OR SEPARATE TRANSMIT,
RECEIVE AND TRACKING FUNCTIONS. THE NARROW BEAM, HIGH GAIN SIGNAL
WILL AUTOMATICALLY SCAN AND TRACK WITHIN A 120 DEGREE CONE. IT WILL
BE CAPABLE OF DPERATING IN EITHER THE RETRODIRECTIVE SELF-FOCUSING OR
PROGRAMMED MODE. THE ACTIVE ELECTRONICS MODULES OF THE ARRAY WILL
UTILIZE 100 PERCENT MICROWAVE AND DIGITAL INTEGRATED CIRCUITRY, AND
MICROCIRCUITRY TECHNIQUES TO A~HIEVE HIGH EFFICIENCY, WIDE BANDWIDTH,
LONG OPERATING LIFETIME, SMALL SIZE, AND LIGHT WEIGHT SYSTEM. THE
ARRAY WILL CONrAIN ALL THE ELECTRONIC CIRCUITRY AND ANTENNA ELEMENTS
IN AN INTEGRAL PACKAGE TO PERFORM THE TRANSMIT, RECEIVE AND
BRAMPOINTING CONTROL FUNCTIONS. HIGH REDUNDANCY AND GRACEFUL
PERFORMANCE DEGRADATION WILL BE ACHIEVED THROUGH THE USE OF THE
INDIVIDUAL ELE:TRONIC MODULES, EACH OF WHICH CONTAINS COMPLETE
TRANSMIT, RECEIVR AND LOGIC ELECTRONICS THAT ARE FREQUENCY COHERENT
WITH A MASTER FREQUENCY CONTRC1 MODULE. LOW POWER LEVELS GENERATED
_ c
BY EACH MODULE ARE RADIATED BY THEIR INDIVIDUAL ASSOCIATED ANTENNA
ELEMENT TO FORM THE COMPOSITE RADIATED SIGNAL. TECHNIQUES WILL BE
DEVELOPED FOR PRODUCTION OF MICROELECTRONIC CIRCUITRY TO ACHIEVE LOW
COST MODULES. EMPIRICAL DESIGN EQUATIONS DEVELOPED FOR THE ACTIVE
ELECTRONICALLY STEERED PHASED ARRAY WILL BE MADE AVAILABLE TO AID IN
THE DESIGN AND DEVELOP~ENT OF ACTIVE ELECTRONICALLY STEERED PHASED
ARRAYS AT HIGHER FREQUENCIES.
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RTOP NO. 908-41-07 TITLE: SPACE STATION COMMUNICATIONS
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON q TEXAS 77058
MONITOR: CHICOINE, E. 10 TEL. 713-483-2128
TECHNICAL SUMMARY
THE OBJECTIVES OF THIS EFFORT ARE TO PROVIDE THE RF SUBSYSTEMS
TECHNICAL GUIDELINES FOR AN INTEGRATED ANTENNA SYSTEM APPROACH AND
FUNCTIONAL REQUIREMENTS FOR CCMMUNICATIONS DEVELOPMENT AND TECHNOLOGY
PROGRAMS BEING UNDERTAKEN FOR SPACE STATION. SPECIFICALLY, THE
FOLLOWING OBJE2TIVE WILL BE ME~: PROVIDE THE OVERALL TECHNICAL
GUIDELINES FOR AN INTEGRATED BF AND ANTENNA SUBSYSTEM TO MEET SPACE
STATION REQUIREMENTS, MAKING MAXIMUM UTILIZATION OF STATE-OF-THE-ART
TECHNOLOGY IN rHE COMMUNICATIONS AREA AND CONTINUING DEVELOPMENTS
ALREADY IN PR03RESS. THIS WILL RESULT IN BY SUBSYSTEMS PARAMETRIC
DATA THAT WILL AID IN ATTAINING BROADER OBJECTIVES AS FOLLOWS: (1)
ESTABLISH THE OVERALL COMMUNICATION FUNCTIONAL REQUIREMENTS AND
SUBSYSTEM CRITERIA NECESSARY FOR A VIABLE ONBOARD COMMUNICATION
SYSTEM FOR AUTONOMOUS OPERATICN AND LONG LIFE, (2) PROVIDE CRITERIA
FOR ANTENNA DES IGN AND COMMUNICATION LINK PERFORMANCE, (3) OUTLINE
TECHNICAL REQUIREMENTS FOR THE SPACE STATION COMMUNICATION SYSTEM
TEST BED, COMMUNICATION SUBSYSTEM INTEGRATION, AND AN OVERALL TEST
AND EVALUATION PROGR11,M (SPACE-GROUND) u (4) ESTABLISH ENGINEERING
INTERFACE AND COMPATIBILITY CRITERIA FOR THE VARIOUS SPACE STATION
COMMUNICATION LINKS WITH: OTHER SPACE VEHICLES; VIA RELAY SATELLITE;
OR DIRECT TO GROUND AND (5) PROVIDE CRITERIA FOR INTERFACING
COMMUNICATION SUBSYSTEMS WITH CTHER SUBSYSTEMS. PROVIDE
COMMUNICATION SYSTEM ANALYSIS AND EVALUATION OF DIGITAL
COMMUNICATIONS SYSTEMS DESIGN CONFIGURATION AND FUNCTIONAL
REQUIREMENTS OF THE SPACE STATION. MAXIMIZE THE EFFECTIVENESS OF
EXISTING SYSTEMS AND APPLY NEW TECHNOLOGY FOR SOLUTIONS TO
SPECIFIC----
RTOP NO. 908-41-10 TITLE: SPACE STATION - GUIDANCE AND NAVIGATION
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON .. TEXAS 17058
MONITOR: KENNEDY .. R. C. TFL. 713-483-4384
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS PROGRAM IS TO PROVIDE A TECHNICAL
FOUNDATION FOR THE SELECTION AND DEVELOPMENT OF AN ORBITAL NAVIGATION
SYSTEM FOR THE SPACE STATION. THE NAVIGATION SYSTEM MUST HAVE
PERFORMANCE CAPABILITIES APPROACHING THAT OF THE MSFN GROUND TRACKING
NETWORK IN ORDER TO PROPERLY SUPPORT THE SPACE STATION PLANNED
SCIENTIFI~ EXPERIMENTS PROGRAM. FURTHER, A HIGH DEGREE OF AUTONOMY
WILL BE REQUIRED TO REDUCE, OR ELIMINATE, THE NEED FOR GROUND
SUPPORT THEREBY PROVIDING A COST P,FFECTIVE ~AVIGATION CAPABII,ITY. TO
ACHIEVE THIS E~D THIS TASK WILL EXAMINE THE VARIETY OF POSSIBLE
TECHNIQUES WHICH CAN POTENTIA~LY MEET THE PERFORMANCE REQUIREMENTS.
ERROR ANALYSES WILL BE CONDUCTED AS REQUIRED TO FORM A BASIS FOR
PERFORMANCE COMPARISON. SYSTEM MECHANIZATION ANALYSES WILL BE
CONDUCTED TO DEVELOP THE HARDWARE AND SOFTWARE ASPECTS OF THE
CANDIDATE SYSTEMS INCLUDING LEVELS OF REDUNDANCY AND OPERATING
PROCEDURE S. C::> ST DATA WILL BE CO MPILED AND, TOGETHER WITH TH E
TECHNICAL TRADE FACTORS DEVELCPED IN THE PERFORMANCE AND SYSTEM
ANALYSIS WORK, WILL BE EVALUATED TO SELECT A BEST SYSTEM APPROACH FOR
CONTINUING ANALYSIS.
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RTOP NO. 908-41-18 TITLE: CHECKOUT
ORGANIZATION: MANNED SPACECRAFT CENTER HOUSTON, TEXAS 77058
MONITOR: WELDON, J. W. TEL. 713-483-4065
TECHNICAL SUMMARY
THE PRESENT CONCEPT OF A SPACE STATION/BASE AS A PERMANENT
FACILITY (10 YEAR LIFE) IMPLIES SELF-CONTAINED AUTONOMOUS OPERATION.
THIS RFQUIRES PERFORMING ONBOARD DATA MANAGEMENT AND CHECKOUT
FUNCTIONS WHICH ON PRESENT SPACECRAFTS ARE PERFORMED ON THE GROUND.
THE DESIGN AND DEVELOPMENT OF THE HARDWARE AND SOFTWARE TO PERFORM
THE ONEOARD CJMPUTATION, PROCESS CONTROL AND SYSTEM CHECKOUT IS
RECOGNIZED AS A CRITICAL TECHNOLOGY AREA. TO ASSURE THE AVAILABILITY
OF THIS CRITICAL TECHNOLOGY, AN ONBOARD DATA MANAGEMENT/CHECKOUT
SYSTEM WILL BE INTERFACED WITH THE ENVIRONMENTAL THERMAL CONTROL/LIFE
SUPPORT SYSTEM. THE OBJECTIVE OF THIS TASK IS THE DEVELOPMENT OF
ONBOARD CHECKOUT HARDWARE DEVICES AND SOFTWARE PROGRAMS REQUIRED TO
INTERFACE THE SPACE STATION DATA MANAGEMENT SYSTEM BREADBOARD WITH
THE ENVIRONMENTAL THERMAL CONTROL/LIFE SUPPORT SYSTEM (ETC/LSS) tRTOP
975-11-06}. EMPHASIS WILL BE GIVEN TO PROVIDING AUTOMATED STATUS
MONITOEING~ DIAGNOSTICS, CONTROL AND CHECKOUT OF THE ETC/LSS DURING
THE IN-HOUSE OPERATION AND EVALUATION OF THE ETC/LSS. THIS TASK WILL
PROVIDE VALIDArIJN OF THE TECHNIQUES AND CONCEPTS DEVELOPED BY RTOP
125-23-14 AND 125~23-15.
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RTOP NO. 908-51-08 TITLE~ STABILIZ~TION AND CONTROL
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
!10NITOR: SELTZER, S. M. TEL. 205-453-4113
TECHNICAL SUMMARY
THE OBJECTIVE OF THIS RESEARCH IS TO DEVELOP BETTER DESIGN
TECHNOLOGY sa THAT THE COMPUTER CONFIGURATION FOR THE ON-BOARD
DIGITAL CONTROL SYSTEM CAN BE DETERMINED. THIS OBJECTIVE CONSISTS
OF: (1) CONTINUING THE DEVELOPMENT OF COMPUTATIONAL PROGRAMS AND
TECHNIQUES TO ANALYZE VARIABLE, MULTIRATE AND NONSYNCHRONOUS SAMPLED
DATA CONTROL 5Y STEI1S PERFORMED UNDER CONTRACT NAS 8-2137 7; (2)
APPLYING PROMISING NEW TECHNIQUES THAT HAVE BEEN OR ARE NOW BEING
DEVELOPED WITHIN THE BODY OF MODERN CONTROL THEORY. AN ADDITIONAL
OBJECTIVE IS TJ CONTINUE DEVELOPMENT EFFORT ON RELIABLE, LONG-LIFE
CMG'S BY ADVAN:ING THE STATE-OF-THE-ART PAYING PARTICULAR ATTENTION
TO "SIGNATURE ANALYSIS". THIS WOULD BE ACCOMPLISHED BY DEVELOPING A
BEARING CONDITION DIAGNOSTIC SYSTEM FOR INCORPORATION INTO THE
ADVANCED CONTROL MOMENT GYRO.
RTOP NO. 908-71-08 TITLE: CONTROL COMPONENTS FOR SPACE STATION/BASE
SUBSYSTEMS
ORGANIZATION: GODDARD SPACE FLIGHT CENTER GREENBELT g MARYLAND
MONITOR: EVANS, H. E. TEL. 301-982~5194 .
TECHNICAL SUMMARY
THIS TASK :OVERS DESIGN v TEST AND EVALUATION OF PROTOTYPE DRIVE
MOTORS AND SPEED REDUCER SYSTEMS FOR SPACE STATION SUPPORT. WORK
INCLUDES ESTABLISHING RELIABILITY THRU LIFE TESTING PROGRAMS. WHERE
APPROPRIATE, NEW DESIGNS WILL BE UNDERTAKEN TO MEET SPACE STATION
CONTROL SYSTEM REQUIREMENTS. GOALS FOR THIS PROGRAM ARE COMPONENT
AND SYSTEMS DESIGN THAT MEET 10 YEARS OPERATION IN THE SPACE
ENVIRONMENT. INITIAL EFFORTS COVER DESIGN, DEVELOPMENT, AND
EV~LUATION OF :OMPONENTS FOR CMG SPIN MOTOR AND GIMBAL TORQUERS
UTILIZING BRUSHLESS DC MOTOR DRIVES AND UNIQUE SPEED REDUCING
ASSEMBLIES. TEST PROGRAMS WILL INCLUDE SIMULATED CMG LOADS; DUTY
CYCLES, AND LOAD DISTURBANCES. ELECTRONIC CIRCUITRY RRQUIRED TO
PROVIDE CONTROL OVER THE DUTY CYCLE RANGE WILL BE DESIGNED AND
EVALUATED IN A SIMULATED SPACE ENVIRONMENT. CLOSE COORDINATION WILL
BE MAINTAINED WITH RELATED EFFORTS AT LRC 6 MSPC AND MSC TO INSURE
PROGRAM COMPATIBILITY.
RTOP NO. 908-74-35 TITLE: A SOLAR CELL ENERGY WHEEL SYSTEM
ORGANIZATION: LANGLEY RESEARCH CENTER HAMPTON, VIRGINIA 23365
MONITOR: NELSON, C. H. TEL. 703-821-2893
TECHNICAL SUMMARY
~HIS WORK WILL ESTABLISH 1HE FEASIBILITY OF A SOLAR CELL ENERGY
WHEEL SYSTEM (SCEWS) THAT CAN PERFORM THE DUAL FUNCTION OF POWER
GENERATION AND ATTITUDE CeNTROL FOR MANNED SPACECRAFT. INITIAL
EFFORTS WILL DEFINE SCEW SYSTEM AND COMPONENT DESIGN GOALS AND WILL
INVESTIGATE THE IMPACT OF SPACECRAFT INTEGRATION ON SCEW SYSTEM
DESIGN. ANALYSES AND SIMULATIONS WILL BE CONDUCTED TO DETERMINE THE
SYSTEM POWER GENERATE COMPONENT PERFORMANCE SPECIFICATIONS COMPATIBLE
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/WITH MISSION REQUIREMENTS. SYSTEM HARDWARE WHICH CANNOT BE DEVELOPED
WITHIN STATE-OF-THE-ART TECHNOLOGY WILL BE IDENTIFIED, AND DESIGN AND
BREADBOARD HARDWARE DEVELOPMENT EFFORTS WILL BE CARRIED OUT TO ASSURE
THE SCEWS CONCEPT FEASIBILITY AND PRACTICABILITY. IF THE SCEWS
CONCEPT PROVES VIABLE, LABORATORY PROTOTYPE SCEWS HARDWARE WILL BE
BUILT AND EVALUATED USING EXISTING LRC STATIC AND DYNAMIC TEST
SETUPS. ASSOCIATED DEVELOPMENT PROGRAMS WILL BE DIRECTLY COORDINATED
WITH LERC, CSFC w AND MSC. PRIMARY PPOBLEM AREAS INCLUDE THE TMPACTqF RELIABILITY, SAFETY, MAINTAINABILITY, FAILURE MODES, AND SYSTEM
INTEGRATION ON SCEWS WEIGHTTRADE-OFFS; PERFORMANCE LIMITS OF
COMPOSITE MATERIALS UNDER CYCLIC STRESSES AND EXTENDED-DURATION
VACUU~~ DEVELOPMENT OF BEARINGS AND SEALS CAPABLE OF LONG LIFE UNDER
LARGE CYCLIC LJADS; DEVELOPMENT OF HIGH-POWER, EFFICIENT SPIN MOTORS
AND GENERATORS; DEVELOPMENT OF HIGH-TORQUE, LOW-RATE GIMBAL
ACTUATORS; AND DEVELOPMENT OF GIMBAL SENSORS WITH HIGH RESOLUTION AND
ACCURACY. SOLUTIONS TO THESE PROBLEMS WILL BE VERIFIED THROUGH
SIMULATION AND HARDWARE TESTS, WHICH WILL DETERMINE POWER GENERATION
CAPABILITY, CONTROL EFFECTIVENESS, AND SPINUP-SPINDOWN CYCLING EFFECT
ON SYSTEM PERFORMANCE. SUCCESSFUL COMPLETION OF THIS
RTOP NO. 908-51-04 TITLE: SPACE STATION ATTITUDE CONTROL PROPULSION
SYSTEMS
ORGANIZATION: MARSHALL SPACE FLIGHT CENTER HUNTSVILLE, ALA.
MONITOR: JONES, L. W. TEL. 205-453-3814
TECHNIC~L SUMMhRY
THIS PLAN IS TO ESTABLISH THE ATTITUDE CONTROL PROPULSION SYSTEM
(ACPS) DESIGN JPERATIONAL METHCDOLOGY AND COMPONENT REQUIREMENTS TO
SATISFY THE MANNED SPACE STATION REQUIREMENTS AND DEMONSTRATE THE
NECESSARY COMPONENT, SYSTEM AND OPERATIONAL TECHNOLOGY. THIS EFFORT
IS NECESSARY TJ PROVIDE THE CAFABILITY TO MEET THE LONG DURATION AND
LARGE IMPULSE NEEDS OF THE SPACE STATION WITH A MINIMUM OF CREW
ACTIVITY FOR R&FURBISHMENT AND RESUPPLY. THESE OBJECTIVES WILL BE
ACCOMPLISHED BY A LOGICAL SEQUENCE OF REQUIREMENTS DEFINITION AND
ANALYSIS, COMP)NENT AND SYSTEM DESIGN AND TRADEOFF STUDIES, AND
EXPERIMENTAL DEMONSTRATION OF BREADBOARD COMPONENTS AND SYSTEMS. THE
ACPS REPAIR v RESUPPLY AND MAINTENANCE CONTRACTS BEGUN IN PREVIOUS
FISCAL YEARS HAVE BEEN COMPLETED. THE "EVAI,UATION OF THE TRASH
ROCKET CONCEPTI! TASK WILL COr-1MENCE IN CY-71 AND CONTINUE FOR TEN
MONTHS. IT IS A SOLE-SOURCE CONTRACT TO UNITED TECHNOLOGY CENTER,
DIVISION OF UNITED AIRCRAFT CORP. WHICH WILL PROVIDE SOME FUNDAMENTAL
DATA RELATIVE TO THE POTENTIAL OF THE HYBRID SYSTEM USING TRASH AS
THE FUEL
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